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Fuel reduction treatments are management activities implemented to reduce the quantity
of hazardous fuels in forests to decrease the probability of severe and intense wildfires. As
nonindustrial private forest (NIPF) landowners own most forests (77%) in Mississippi, their
involvement is essential for effective and coordinated fuel reduction treatments to achieve a
large-scale wildfire hazard reduction. However, NIPF landowner attitudes towards wildfire risk
and mitigation activities implemented to reduce wildfire risk are not well understood. This study
determined attitudes of NIPF landowners towards wildfires, current trends in implementation of
fuel reduction treatments, socioeconomic and geospatial factors affecting treatment
implementation, and landowner willingness to pay (WTP) for prescribed burning. Data were
collected via a mail survey of NIPF landowners and public sources including Mississippi
Forestry Commission and National Land Cover Database. The contingent valuation method
(CVM) was used to quantify the WTP for prescribed burning. Data were analyzed using
seemingly unrelated and binary probit, and binary logit models. Approximately 68% of
landowners were concerned about wildfires, but only 45% implemented hazardous fuel reduction
treatments. Prescribed burning was the most commonly implemented and the least costly

treatment. Furthermore, only 30% of landowners were likely to implement fuel reduction
treatments in the next five years. Past implementation of treatments, concern about property
damages due to wildfires, familiarity with wildfire prevention and mitigation programs, size of
forest land owned, ecological services ownership objectives, past experience with wildfires, and
motivation from neighbors’ implementation of treatments were positively associated with the
likelihood of implementing fuel reduction treatments in the next five years. Landowners were
willing to pay from $14.70 to $66.86 per acre, with an average of $41.39 per acre, for
implementing prescribed burning on their forest land. The payment amount was negatively
related to WTP, whereas education level, tolerance of smoke from prescribed burns, concern
about property damages due to wildfires, and consideration of liability issues as an important
factor were positively related. Results will help better understand NIPF landowner wildfire
mitigation activities and associated social and geospatial factors, and aid in the development of
more effective strategies and resource allocation for wildfire prevention and mitigation.
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CHAPTER I
GENERAL INTRODUCTION
1.1

Introduction
Wildfires play an important role in maintaining forest health and other forest functions

but they can also lead to a loss of human life, property, forest resources, and wildlife (Grala and
Cooke, 2010). Wildfires have been an issue of great concern in the U.S. due to increasing burned
areas, damages to lives and property, and suppression costs. For example, more than eight
million acres were burnt in 2018, which was above the average area burnt during 2009 to 2018
(National Interagency Coordination Center, 2019). A total of 26,000 structures were destroyed,
which was also above the average (National Interagency Coordination Center, 2019). A total of
$3 billion was spent on fire suppression activities, which was the largest suppression expenditure
since 1985 (National Interagency Fire Center, 2019). Although wildfires in the western U.S. are
typically more catastrophic and larger than wildfires in the southeastern U.S., numbers of
wildfires in the southeastern U.S. is higher than in the western U.S. putting risk on productive
timberland and growing populations (Cooke et al., 2007; National Interagency Coordination
Center, 2019). One of the primary causes of such wildfires is considered to be an accumulation
of hazardous fuels in the forests which is further exacerbated by the increasing population and
changing climate (Agee and Skinner, 2005; Miller and Safford, 2012; Moritz et al., 2014). In the
southeastern U.S., fuel accumulates rapidly every year increasing the probability of wildfire
occurrences (Pyne, 2017). Moreover, a growing population is associated with an increasing area
1

of wildland urban interface (WUI) that intermixes or connects residential areas with forest lands
(Radeloff et al., 2018) and increases the probability of wildfire occurrence and risk of damages
to people and property (Hammer et al., 2009; Prior and Eriksen, 2013; Moritz et al., 2014).
Furthermore, climate is predicted to be drier and warmer in the future which will further increase
the probability of intense and severe wildfires (Kates et al., 2012; Schoennagel et al., 2017). As
the risk of wildfire is likely to increase in the future and their effects are likely to intensify
affecting larger areas and inflicting further damage, it is therefore important to adopt wildfire
preventive actions.
Wildfire prevention activities, such as implementation of fuel reduction treatments, can
help reduce wildfire hazards. Fuel reduction treatments are management activities implemented
in forests to reduce the accumulation of surface, ladder, and crown fuels to break the continuity
of hazardous fuels across forest stands (Agee and Skinner, 2005). Some examples of fuel
reduction treatments include prescribed burning and mechanical and chemical vegetation
controls. Prescribed burning is controlled burning implemented under specific environmental
conditions to reduce accumulated hazardous fuels. It is also used to manage the understory,
prepare the site for planting, and improve wildlife habitat. During a prescribed burning, the fire
consumes surface fuels and often increases canopy base height (Waldrop and Goodrick, 2012).
Mechanical vegetation control is a method of removing excess or unwanted vegetation manually
or by machines (Jackson, 2018). Some examples include thinning and mastication. Thinning is a
practice of removing excess, diseased, and/or poor-quality trees (USDA 2014). The goal of fuel
reduction thinning is to remove canopy fuels (Reinhardt et al., 2008), increase the canopy base
height, and break the vertical and horizontal continuity of fuels (Agee and Skinner, 2005; Keyes
and Varner, 2006). In mastication, understory vegetation and small trees are mulched, chipped,
2

shredded, or mowed to relocate ladder fuel to the ground (Kreye et al., 2014). Chemical
vegetation control is the use of herbicides to control or eliminate weeds, grasses, and other
unwanted vegetation (USDA Forest Service 2012). These fuel reduction treatments decrease the
likelihood of wildfire occurrence and extent of related damages (Carroll et al., 2004; Cochrane et
al., 2012) by changing the structure and amount of accumulated fuel in the forest or landscape
(Moritz et al., 2014; Rachmawati et al., 2018).
Wildfires can spread across administrative boundaries and, thus, effective wildfire hazard
reduction through fuel reduction treatments requires coordination among various forestry
stakeholders (i.e., government, private, and others) (Fischer, 2011). As nonindustrial private
forest (NIPF) landowners own most of the forest lands (58%) in the southeastern U.S. (Butler
and Wear, 2013), their participation and collaboration are important for effective fuel reduction
treatment implementation and wildfire hazard reduction across the larger landscapes. However,
there are limited numbers of studies on wildfire mitigation behavior of NIPF landowners such as
implementation of hazardous fuel reduction treatments. Understanding landowner concerns
about wildfire risks and current trends in wildfire mitigation activities will help improve the
knowledge of wildfire risk and wildfire mitigation behavior of NIPF landowners. Furthermore, it
will help prepare guidelines for forest and fire managers to improve landowner education on
wildfire risks and increase their engagement in wildfire prevention activities.
Fuel reduction treatments need to be implemented regularly for effective wildfire hazard
reduction. This is especially relevant in the southeastern U.S., where the growing season is
longer and fuels accumulate rapidly (Waldrop et al., 2010; Ottmar and Prichard, 2012), and the
effectiveness of one-time fuel reduction treatments to reduce wildfire hazard decreases over time
(Fernandes and Botelho, 2003; Finney et al., 2005; Reinhardt et al., 2008; Stephens et al., 2012;
3

Champ et al., 2013; McIver et al., 2013). For example, prescribed burning is effective in
reducing wildfire hazard if implemented every 2-5 years (Fernandes and Botelho, 2003; Outcalt
and Wade, 2004; Kobziar et al., 2015; Waldrop et al., 2016). Similarly, Stephens et al. (2012a)
found thinning to be effective for seven years, whereas Wolcott et al. (2007) determined that a
chemical vegetation control was effective only for one year. Hence, regular implementation of
fuel reduction treatments by NIPF landowners is required to make effective changes in fuel
structure, prevent accumulation of hazardous fuels over time, and reduce the probability of
catastrophic wildfires (Reinhardt et al., 2008; McIver et al., 2013). Determining whether
landowners will continue to plan and implement fuel reduction treatments in the future and
identifying factors that influence their decisions are important for managers. They will then be
better able to assist landowners in implementing fuel reduction treatments, develop more
effective wildfire mitigation programs, and more efficiently coordinate implementation of fuel
reduction treatments across large landscapes.
Among various fuel reduction treatments, prescribed burning has been widely
implemented across the southeastern U.S. to meet various forest management objectives
including reduction of accumulated hazardous fuels (Melvin, 2015). However, implementation
of prescribed burning has been limited by numerous factors such as lack of technical capacity
(e.g., personnel and equipment), lack of funds, potential liability, smoke tolerance, public
acceptance, and increasing urbanization (Haines et al., 2001; Liu et al., 2014; Kobziar et al.,
2015; Melvin, 2015). To offset the cost barrier associated with implementing prescribed burning,
cost-share programs have been created to provide financial incentives to landowners. However,
budgets for implementation of prescribed burning are limited. Moreover, the cost for wildfire
management has been increasing every year reducing funds available for other forest
4

management activities (Calkin et al., 2015; United States Department of Agriculture, 2018).
Therefore, estimating the value of reduced wildfire hazard obtained from implementation of
prescribed fire by NIPF landowners in the southeastern U.S. is important for developing efficient
cost-share programs and budgeting that would free up more funds for other forest management
activities. Benefits obtained from prescribed fire implementation are not limited only to the
landowner who implements it. The surrounding forest land and neighboring landowners also
benefit (non-excludable and non-rival benefits) from a reduced wildfire risk, making benefits
obtained from reduced wildfire hazard from fuel treatment implementation a public benefit
(Busby and Albers, 2010; Canadas et al., 2016). However, these benefits do not have a market
value which makes an efficient allocation of resources to wildfire prevention more challenging.
Hence, a contingent valuation method (CVM) can be used to estimate a monetary value of
reduced wildfire hazard benefits from implementing prescribed fire and compare it with the cost
of implementing this fuel reduction prescription. Monetary value estimates will help determine if
the allocated budgets for implementing prescribed burning are justified as well as help prepare
efficient wildfire prevention cost-share programs by prioritizing forest areas for prescribed burn
treatments.
The overall goal of this study was to better understand wildfire prevention activities
implemented by landowners by identifying their attitudes towards wildfire risk, trends in
implementation of fuel reduction treatments, likelihood of implementing fuel reduction
treatments in the future, and factors associated with implementation of fuel reduction treatments
in Mississippi, with relevance for the southeastern U.S. In addition, the study also quantified the
monetary value of benefits of reduced wildfire hazard obtained from implementation of
prescribed burning on NIPF lands in Mississippi.
5

Specific study objectives were to:
1. Determine landowner concerns about wildfire-related damages and fuel reduction
treatment trends.
2. Determine the likelihood that NIPF landowners will implement fuel reduction treatments
in the next five years.
3. Determine landowner willingness to pay for implementing a prescribed burn on their land
to lower wildfire hazard.
The dissertation is organized into five chapters. Chapter I contains a general introduction
and study objectives. It provides overview of wildfire effects, fuel reduction treatments,
importance of NIPF landowners in periodic implementation of fuel reduction treatments, and
monetary valuation of benefits resulting from reduced wildfire hazards due to implementation of
prescribed burning. Chapter II describes the study entitled “Landowner concern about wildfire
risk and implementation of fuel reduction treatments.” This study determined the concerns
among NIPF landowners about property and smoke damages due to wildfires. Also, the study
identified past trends in implementation of fuel reduction treatments by landowners in
Mississippi. The study also illustrated how socioeconomic factors, landowner attitudes and
experience with wildfires, and geospatial factors influenced the implementation of fuel reduction
treatments. Chapter III describes the study entitled “Likelihood of implementation of fuel
reduction treatments by nonindustrial private forest landowners.” This study determined the
likelihood that landowners will implement fuel reduction treatments in next five years and
identify associated factors. The study also identified landowner management objectives and
important factors under consideration when deciding whether to implement a fuel reduction
treatment in the next five years. Chapter IV describes the study entitled “Nonindustrial private
6

forest landowner willingness to pay for prescribed burning.” This study quantified the
willingness to pay to implement prescribed burning to reduce wildfire hazard. The study
determined the relationship between WTP and landowner attitudes towards prescribed burning
and wildfires, experience with wildfires, and socioeconomic characteristics. Chapter V provides
overall study conclusions.
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CHAPTER II
LANDOWNER CONCERN ABOUT WILDFIRE RISK AND IMPLEMENTATION OF FUEL
REDUCTION TREATMENTS
2.1

Abstract
With a dominant forest land ownership in the southeastern U.S., nonindustrial private

forest (NIPF) landowners play a crucial role in coordinated fuel reduction treatments and
effective wildfire hazard reduction and mitigation. This study determined the level of landowner
concerns about wildfire damages, outlined trends in implemented fuel reduction treatments, and
identified factors associated with landowner concerns about wildfires and fuel reduction
treatment implementation. Using seemingly unrelated and binary probit models, the study
analyzed the association of landowner socioeconomic characteristics, experience with wildfires,
and geospatial components with concerns about wildfire damages and implementation of fuel
reduction treatments, respectively. Most landowners were concerned about property damage due
to wildfires in Mississippi. Approximately, 45% of landowners implemented some type of fuel
reduction treatment to reduce wildfire hazard. Prescribed burning was most commonly
implemented by landowners, on average, every 3.6 years and was the least costly treatment.
Landowner household income greater than $80,000, primary objective of income generation
from forest landownership, possession of a written forest management plan, and forest
proportion in landowner’s largest forest parcel location were positively associated with concerns
about property damage due to wildfires. Concerns about property damage were positively
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associated with fuel reduction treatment implementation along with other factors such as
possession of a written forest management plan and proportion of forest land and pine forest
within a location. The results will enhance understanding of mitigation behaviors of landowners
for wildfire risk reduction which can be used in developing more effective wildfire prevention
and mitigation strategies to encourage greater participation of landowners in reducing hazardous
fuels in Mississippi and other states.
Keywords: chemical vegetation control, marginal effects, mechanical vegetation control,
prescribed burn, spatial analysis, wildfires
2.2

Introduction
In the United States, wildfires have occurred on thousands of acres of land destroying

billions of dollars’ worth resources. For example, in 2018, 58,083 fires burned 8.8 million acres
and destroyed 25,700 structures (National Interagency Fire Center, 2019). The total area burnt
was above the average for the last 10 years. Costs associated with wildfire suppression were
substantial. For example, in 2018, $3.14 billion was spent on fire suppression by the USDA
Forest Service and the U.S. Department of Interior (DOI) (National Interagency Fire Center,
2019). This amount represented the highest cost level in the history of wildfire suppression (1985
to 2018) and exceeded 2017’s cost of $2.92 billion by $220 million. Although wildfires play an
important role in maintaining forest health and their functions, with greater amounts of
accumulated hazardous fuels, they can burn more intensively leading to the loss of forests,
wildlife, and property (Grala and Cooke, 2010). Suppression of fire in the past has resulted in the
accumulation of hazardous fuels in many forests, which is one of the primary causes of wildfire
occurrence (Agee and Skinner, 2005; Miller and Safford, 2012). Furthermore, due to an
increased human population, the area of land in the wildland-urban interface (WUI) has been
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increasing (Radeloff et al., 2018). The WUI includes areas where houses and forest meet or
intermix (Radeloff et al., 2018) which results in a higher risk of wildfires and associated
damages to humans and property (Hammer et al., 2009; Prior and Eriksen, 2013; Moritz et al.,
2014). Moreover, wildfire risk is likely to be worsened with a changing climate as wildfire
occurrence probability increases with warm and dry climates (Kates et al., 2012; Schoennagel et
al., 2017). Therefore, the risk of wildfire occurrences are relatively high and their numbers and
negative effects are likely to increase in the future in the United States (Prior and Eriksen, 2013).
Increasing wildfire risk can be reduced by active implementation of wildfire mitigation
and prevention measures. Wildfire mitigation measures such as hazardous fuel reduction
treatments are management activities implemented in forests to reduce the accumulation of
surface fuel, increase live crown base height, decrease crown density, and maintain large fire
resistant trees (Agee and Skinner, 2005). Some examples of fuel reduction treatments include
prescribed burning (i.e., controlled burning), mechanical vegetation control (e.g., thinning and
mastication), and chemical vegetation control (i.e., herbicide application). These fuel reduction
treatments help reduce unwanted forest vegetation (Waldrop and Goodrick, 2012; Kreye et al.,
2014) that can act as hazardous fuels causing destructive wildfires. These fuel reduction
treatments decrease the likelihood of wildfire occurrence and extent of related damages (Carroll
et al., 2004; Cochrane et al., 2012) by changing the structure and amount of accumulated
hazardous fuels in the forest (Moritz et al., 2014; Rachmawati et al., 2018). Therefore, they are
considered the most effective measures to reduce the probability and severity of wildfires
(Stephens et al., 2012).
Understanding the importance of fuel reduction treatments in reducing wildfire hazard,
the U.S. Congress budgeted $570 million ($390 million for USDA Forest Service and $180
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million for DOI) to increase implementation of fuel reduction treatments (Hoover, 2017).
However, effective regional-level fuel management requires collaboration with various forestry
stakeholders including government, corporate forest landowners, nonindustrial private forest
(NIPF) landowners, and the public. NIPF landowners are major forestry stakeholders, owning
36% of U.S. forest land (Butler et al., 2016b). The condition and accumulation of fuels on
private forest lands influence the presence and continuity of hazardous fuels across the landscape
and thus impact the probability of wildfire ignition and spread (Ager et al., 2012). When NIPF
landowners implement fuel reduction treatments in collaboration with other stakeholders, fuel
reduction treatments can be implemented at a larger scale making them more effective in terms
of wildfire hazard reduction (Salis et al., 2016). Therefore, it is important that NIPF landowners
implement fuel reduction treatments to help reduce the quantity of hazardous fuel as well as
break their continuity across the landscape to lower wildfire occurrences.
Implementation of fuel reduction treatments to reduce wildfire hazard is influenced by
various factors (Brenkert-Smith et al., 2012; Champ et al., 2013; Fischer et al., 2014; Olsen et al.,
2017). Among them, concern for wildfire risk was found to influence a person’s mitigation
behavior the most (Winter and Fried, 2000; Amacher et al., 2005; Jarrett et al., 2009; McFarlane
et al., 2011). Fischer et al. (2014) determined that concern about wildfire risk had a strong
influence on private landowner likelihood to implement fuel reduction treatments. The theory of
planned behavior defines concern as a major component that helps determine the behavior of an
individual. For instance, an individual will only do something to avoid or reduce the risk, if
she/he is concerned about the consequences (Ajzen, 1991; Gordon et al., 2010). Protection
Motivation Theory considers the concern about consequences of an event as one of the factors
that determines whether an individual will conduct mitigating actions (Rogers, 1983). However,
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the number of studies that have explored how NIPF landowners are concerned about wildfire risk
is limited. Only, 12% of all studies on psychosocial aspects of fires (i.e., wildfire and prescribed
burns) have been conducted among forest landowners, whereas the remaining portion focused on
the general public, forestry professionals, and other stakeholders (Dupéy and Smith, 2018).
Furthermore, not all social and geospatial factors influencing concerns about wildfire risk have
been recognized (Ager et al., 2015). Therefore, there is a need to determine how these factors
affect landowner concern about wildfire risk to better understand landowner wildfire mitigation
behavior (Fischer et al., 2014).
Other than concern about wildfire risk, studies have found that additional factors also
influenced the implementation of fuel reduction treatments. One of the important factors
included landowner’s past experience with wildfires which influenced both concern as well as
mitigation behavior (Schulte and Miller, 2010; Brenkert-Smith et al., 2012; Gordon et al., 2012).
Private forest landowners were more concerned about wildfire risk if they had experienced
wildfire in the past (Jarrett et al., 2009; Fischer et al., 2014). Homeowners and forest landowners
who have experienced negative impacts of wildfire, such as damage to personal property and/or
smoke issues were more likely to implement fuel reduction treatments (Walker et al., 2007;
Jarrett et al., 2009; Brenkert-Smith et al., 2012). However, studies have also found that forest
landowners who experienced a wildfire in the past thought that the event was not likely to occur
again and, hence, did not implement any wildfire mitigation prescriptions (Carroll et al., 2004;
Gan et al., 2015). These results indicate that experience with wildfires is interpreted by
landowners differently (McGee et al., 2009) and thus, can have different impacts on concern
about wildfire and fuel reduction treatment implementation, which can be used to identify areas
where landowners are more willing to implement fuel reduction treatments.
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Socioeconomic factors of forest landowners and homeowners such as age, gender,
education level, income, residence proximity to the forest, and forestry organization affiliation
had a positive association with fuel reduction treatments in some studies, whereas in other
studies they had a negative association or no significant relationship was observed. For example,
older private landowners were less likely to conduct fuel reduction treatments in Oregon (Fischer
et al., 2014). However, older WUI homeowners in Colorado were more likely to implement fuel
treatments (Walker et al., 2007; Brenkert-Smith et al., 2012). Similarly, female landowners were
risk averse and more likely to seek information on risk mitigating measures and subsequently
adopt these measures (Jarrett et al., 2009; Gan et al., 2014). Olsen et al. (2017) found that
educated homeowners in the WUIs were less concerned about wildfire risks. However, Gan et al.
(2015) found landowners with higher education levels were more likely to implement fuel
reduction treatments because education was associated with their risk aversion to wildfires.
Household income had a positive association with implementation – homeowners with a higher
income were more likely to implement fuel reduction treatments (Walker et al., 2007).
Conversely, Wyman et al., (2012) found that NIPF landowners with low income were more
likely to implement wildfire prevention activities because those landowners with lower income
managed their forests themselves. Landowners who resided within their forest land were more
likely to implement fuel reduction treatments to keep themselves safe from wildfires (Wyman et
al., 2012; Fischer et al., 2014; Gan et al., 2015). Landowners who were members of forestry
organizations were more likely to be concerned about wildfire risk and implement fuel reduction
treatments because they were more aware of potential risks and had access to the skills and
equipment needed to be proactive (Fischer et al., 2014). Hence, identifying the influence of these
socioeconomic factors on wildfire concerns and fuel reduction treatments implementation will
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help design more effective wildfire prevention programs by identifying groups and locations of
landowners where wildfire hazard mitigation activities are likely to be implemented.
NIPF landowners own forest land for diverse objectives including financial goals, such as
production of timber and managing forest land for investment purposes, and the maintenance of
ecosystem services such as management of forests for wildlife habitat and personal recreation
such as hunting, fishing, camping, wildlife watching, privacy, and solitude (Butler et al., 2016a).
In Oregon, landowners with financial and ecosystem services-oriented objectives were more
concerned about potential wildfire damages and more likely to implement fuel reduction
treatments than landowners with other objectives (Fischer, 2011). Fischer et al. (2014) found that
landowners with timber objectives were more concerned about wildfire risk and thus
implemented fuel reduction treatments more often. However, Gan et al. (2015) reported that
landowners in the southeastern U.S. who owned forest land for timber production were less
likely to implement fuel reduction treatments. If a fuel reduction treatment does not seem to be
beneficial to achieve their ownership objectives, landowners were less likely to implement it
(Meldrum et al., 2014). Other forest landownership-related factors such as possession of a
written forest management plan were positively associated with implementation of fuel reduction
treatments (Jarrett et al., 2009; Gan et al., 2015). Landowners with timber management
objectives have more knowledge about management activities to be implemented and, therefore,
are accounting for various risks such as wildfires (Fischer et al., 2014). Hence, understanding
forest ownership reasons of landowners and their participation in forest management can help
identify landowners who are likely to be concerned about wildfire risks and thus implement fuel
reduction treatments to mitigate this risk.
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Apart from socioeconomic factors, past experience with wildfires and forest ownership
factors, geospatial factors such as forest cover, forest type, urban area, public area, and wildfire
occurrence were also related with the concern about wildfire risk (Fischer et al., 2014; Olsen et
al., 2017; Gordon, 2019). In Oregon, the wildfire concerns of NIPF landowners were correlated
with the actual hazardous fuel conditions of the forest (Fischer et al., 2014). However, it has been
difficult to define how these factors influenced wildfire concern. Gordon et al. (2012) found that
people evaluated and linked factors related to wildfire risks in multiple ways across different
states which also affected their decisions regarding implementation of wildfire mitigation
measures including fuel reduction treatments. Therefore, changing geospatial context within a
region needs to be considered when developing wildfire mitigation programs.
In the southeastern U.S., Jarrett et al. (2009) and Gan et al. (2015) determined that NIPF
landowner concerns about wildfire risk, and their involvement in wildfire mitigation and
adaptation activities. They found that most landowners (92%) were concerned about wildfire risk
to their property and 70% of landowners were involved in some form of wildfire adaptation
and/or mitigation actions. Adaptation included actions to reduce impacts after wildfire
occurrence such as wildfire insurance and mitigation included actions to reduce wildfire risk
such as implementation of fuel reduction treatments. However, these studies did not consider
both social and geospatial factors. Determination of social and geospatial factors that affect
landowner perceptions of wildfire risk and implementation of a fuel reduction treatment will help
prepare better wildfire programs by tailoring them to landowner management objectives
incorporating factors that motivate them to undertake actions towards wildfire risk reduction.
The study objective was to determine the concern of NIPF landowners about damages
due to wildfires, determine trends in implementation of fuel reduction treatments, and identify
19

factors associated with both wildfire risk concern and implementation of fuel reduction
treatments in Mississippi. Results will be useful for fire and forest managers to better understand
landowners and formulate more effective strategies to increase landowner awareness about
wildfire risk and encourage them to participate in wildfire prevention and mitigation programs.
Furthermore, this study will provide a basis for wildfire prevention and hazard reduction for
other states with similar landowner and forest land characteristics (Deng et al., 2015; Floress et
al., 2018).
2.3
2.3.1

Methods
Study area
The study was conducted in Mississippi where forests cover 65% of the land area (Figure

2.1) and NIPF landowners own 77% of the total forest land (Mississippi Forestry Commission,
2018). Forests are important resources in the state as they provide numerous environmental
benefits such as improved air and water quality, carbon sequestration, and maintenance of
wildlife habitat (Mississippi Forestry Commission, 2010). Forests also support the state
economy. In 2014, forest products industry in Mississippi supported 40,158 jobs and provided
$1.92 billion in wages and salaries, $8.9 billion of total output, and $2.7 billion in value added
(Dahal et al., 2017). However, forests in the state are susceptible to various risks including
wildfires. Every year, 4,000 wildfires with an average size of twelve acres occur in Mississippi
(Grala and Cooke, 2010). Although, these wildfires are smaller in intensity and not as destructive
as wildfires in the western U.S. (Cooke et al., 2007b), they cause damage to trees (Maingi and
Henry, 2007) and pose threat to humans and infrastructure (Sun and Tolver, 2012). Pine and
mixed pine-hardwood forests constitute 42.8% and 10.5% of Mississippi’s total forest area,
respectively (Oswalt, 2015). The likelihood of wildfire occurrence in these forest types is
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relatively high (Munn et al., 2003), making Mississippi, a wildfire-prone state (Andreu and
Hermansen-Baez, 2008; Grala and Cooke, 2010; Sun and Tolver, 2012).
2.3.2

Data collection
A survey questionnaire was mailed to 2,000 randomly selected NIPF landowners who

owned at least 40 acres of forest land and were identified based on tax records. Survey
implementation followed Dillman’s Tailored Designed Method recommended by Dillman et al.
(2014). Landowners were contacted five times using: a) an introductory letter describing the
research project; b) a questionnaire; c) a thank you/reminder postcard; d) a follow-up
questionnaire; and e) a final questionnaire. The mail survey questionnaire was developed in
consultation with faculty and extension personnel in Department of Forestry at Mississippi State
University. The questionnaire included questions related to the characteristics of forests owned
by landowners, forest landownership objectives, landowners’ concern about wildfires,
landowners’ past experience with wildfires, previous implementation of fuel reduction
treatments, and willingness to implement prescribed burning. The questionnaire also included
questions related to landowner socioeconomic characteristics.
Geospatial data including the number of wildfire occurrences from 2002 to 2015 and size
of area burned by each wildfire were obtained from Mississippi Forestry Commission (MFC).
Land cover distribution data for Mississippi were obtained from National Land Cover Database
(NLCD) (Yang et al., 2018). Wildfire hazard potential data across the state were obtained from
USDA Forest Service Research Data Archive (Dillon, 2015).
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Figure 2.1

Land cover types in Mississippi, United States.

Source: Yang et al., 2018
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2.3.3

Data analysis
Concerns about wildfire risk were analyzed under two scenarios: a) if the landowner

considered property damage due to wildfire as an important issue (C_PROP), and b) if the
landowner considered smoke-related damage such as health issues and vehicular accidents as an
important issue (C_SMOKE). C_PROP and C_SMOKE were measured on a Likert scale with 1
– very important, 2 – important, 3 – moderately important, 4 – of little importance, and 5 –
unimportant. Descriptive statistics (frequencies and means) of C_PROP and C_SMOKE were
used to summarize landowner concerns. The two variables were recoded into binary variables
with values below the mean coded as 1 (concerned) and values above the mean as 0
(unconcerned). Chi-square test, multicollinearity test, heteroskedasticity test, and Breusch-Pagan
test were implemented to obtain more efficient estimates from the models. Since C_PROP and
C_SMOKE were binary variables, a seemingly unrelated probit model (SUPM) was selected to
determine how explanatory variables were associated with a dependent variable, with the
accounting of correlation among the errors of the two models.

𝑌1𝑖∗ = 𝛽1 𝑋𝑖 + Ԑ1𝑖 , Ԑ1𝑖 ~ N(0, 1)

(2.1)

𝑌2𝑖∗ = 𝛽2 𝑋𝑖 + Ԑ2𝑖 , Ԑ2𝑖 ~ N(0, 1)

(2.2)

where 𝑌1𝑖∗ and 𝑌2𝑖∗ are unobserved C_PROP and C_SMOKE, respectively, whereas 𝑌1𝑖 and 𝑌2𝑖 are
observed responses of 1 and 0 where
𝑌1𝑖 = 1 if 𝑦1∗ > 0

𝑌2𝑖 = 1 if 𝑦2∗ > 0

𝑌1𝑖 = 0 if 𝑦1∗ ≤ 0

𝑌2𝑖 = 0 if 𝑦2∗ ≤ 0
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cov (Ԑ1𝑖 , Ԑ2𝑖 ) = ρ, 𝛽 is a matrix of parameters, and X is a matrix for independent variables
described in Table 2.1.
The sign of parameters provides direction of association between dependent and
independent variables. Coefficients of a probit model, however, cannot be directly interpreted to
determine probabilities that a landowner is concerned about property and smoke damages due to
wildfires. Therefore, marginal effects were determined to examine the magnitude of change in
probability of the dependent variable with the change in an independent variable, holding all the
other independent variables constant.
Table 2.1

Description of variables used in seemingly unrelated probit models (SUPM) and
binary probit models to determine the factors affecting concern of nonindustrial
private forest (NIPF) landowner about wildfire risk and implementation of fuel
reduction treatments, respectively based on a mail survey conducted in Mississippi
in 2016.

Variables
C_PROPa
C_SMOKEa
FINANCIALa

ECOLOGICAL
SERVICESa
MGMTPLAN
AREA
EXPERIENCE
AGE
GENDER

Description
Concern about a property damage due to a wildfire. A
binary variable: 1 if a landowner was concerned, 0 if not.
Concern about smoke damage such as health problems
and vehicular accidents due to wildfires. A binary
variable: 1 if a landowner was concerned, 0 if not.
Income generation as a forest ownership objective. A
binary variable: 1 if a landowner reported investment
and return from forest as an important ownership
objective, 0 if not.
Providing ecological services as a forest ownership
objective. A binary variable: 1 if a landowner reported
ecological and wildlife-oriented and personal recreation
values as an important ownership objective, 0 if not.
Possession of a written forest management plan. A
binary variable: 1 if a landowner had a plan, 0 if not.
Forest land area owned by a landowner (acres).
Health issues or/and property damage in the family or
neighborhood due to a wildfire. A binary variable: 1 if a
landowner experienced such issues, 0 if not.
Age of landowner (years).
A binary variable: 1 if male, 0 if female.
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Mean
0.8662
0.6763
0.9667

0.8538

0.1459
257.2546
0.2969
67.3503
0.7716

Table 2.1 (continued)
Variables
EDUCATION

Description
Mean
Education level. A binary variable: 1 if a landowner
0.4845
reported an education level higher than some college
education, 0 if some college education or less.
INCOME
Landowner’s annual household income in 2014 before
0.4405
taxes. A binary variable: 1 if landowner’s income was
above $80,000, 0 if $80,000 or less.
RESIDENCE
Place of residence. A binary variable: 1 if a landowner
0.1705
resided within her/his forest land, 0 if not.
FORESTRY
Landowner’s affiliation with a forestry-related
0.0914
organization. A binary variable: 1 if a landowner was
affiliated with a forestry-related organization, 0 if not.
s
FOREST
Percentage of total land covered by a forest.
49.2797
URBANs
Percentage of total land classified as urban area.
6.0349
s
PINE
Percentage of total land covered by a pine forest.
22.1341
PUBLICs
Percentage of total land designated as a public land.
8.5244
WFNUMs
Number of wildfires from 2003 to 2015.
157.7541
a
Originally measured on a 5-point Likert scale: 1 – very important, 2 – important, 3 –
moderately important, 4 – of little importance, and 5 – unimportant. The Likert scale was then
recoded into a binary variable with values below mean coded as 1 (important) and values above
mean coded as 0 (unimportant).
s
Variables whose zip-code level values were determined using various tools in ArcMap using
geospatial data.
Different fuel reduction treatments, including: a) prescribed burning, b) mechanical
vegetation control, and c) chemical vegetation control implemented by NIPF landowners in
Mississippi were summarized. The cost of implementing these fuel reduction treatments, area on
which these fuel reduction treatments were implemented, and interval between successive fuel
reduction treatments were also summarized using frequencies, mean, and standard error. A
binary variable (FRT) was created such that FRT = 1 represented a landowner who had
implemented any fuel reduction treatment such as prescribed burning, mechanical vegetation
control, and/or chemical vegetation control. FRT = 0 represented a landowner who had not
implemented any fuel reduction treatment. Then, the probability that a landowner had
implemented a fuel reduction treatment as described by a probit model was defined:
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𝑦𝑖∗ = Xi β + εi, ε ~ N(0, σ2)

(2.3)

yi = 1 if 𝑦𝑖∗ > 0
yi = 0 if 𝑦𝑖∗ ≤ 0
where a forest NIPF landowner i considers implementing a fuel reduction treatment (𝑦𝑖 = 1)
depending on a vector of predictor variables 𝑋𝑖 (Table 2.1), β represents a vector of parameters
to be estimated, and ε represents the random error. Also, 𝑦𝑖∗ is landowner i’s unobservable
propensity to implement a fuel reduction treatment and is equal to 1 if a landowner implements a
fuel reduction treatment and 0 she/he did not implement the treatment.
The sign of the estimated parameters defined the direction of the probability of fuel
reduction treatment implementation by a landowner. Marginal effects were estimated to
determine the magnitude in change of probability of implementation of a fuel reduction
treatment when there was a change in the value of the predictor variable:
Marginal effect (M.E.) = ϕ(Xi β)β
2.3.4

(2.4)

Variable description
Landowners were asked to state their objectives for owning their forests such as

producing traditional forest products, providing game and non-game wildlife habitat, long-term
investing, providing legacy to their heirs, using it for personal recreation, and providing feebased recreation. Factor analysis was performed to identify the objectives that explained the
greatest variance and were correlated with another objective to be used in the regression analysis.
The two factors that explained most variance were ECOSYSTEM SERVICES, representing the
provision of game and non-game wildlife habitat and personal recreation, and FINANCIAL,
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representing the remaining forest land ownership objectives. The reasons for owning the forest
were first measured on a Likert scale with 1 – very important, 2 – important, 3 – moderately
important, 4 – of little importance, and 5 – unimportant. The variables were later recoded into
binary variables with original values below the mean coded as 1 (important) and values above
the mean as 0 (unimportant).
The accurate location of a landowner’s and their forest land could not be identified from
the survey and, therefore, zip-code information on location of the landowner’s largest forest
location was utilized. Consequently, all geospatial variables were analyzed at a zip-code level.
Percentages of forest land (FOREST), urban area (URBAN), pine forest (PINE), and public
lands (PUBLIC) within the zip-code area were determined using the “zonal statistics” tool in
ArcMap, a Geographic Information System (GIS) program (Environmental Systems Research
Institute, 2019). The number of wildfires (WFNUM) that occurred within the zip-code were
quantified using a “spatial join” tool in ArcMap. In terms of wildfire size (WFSIZE), only the
largest wildfire that occurred within the zip-code was used in the regression analyses.
Information on wildfire hazard potential (WHP) was obtained in a raster format in which each
pixel represented the wildfire hazard potential. The wildfire hazard potential raster map was
developed by Dillon (2018) based upon the likelihood of fire occurrence from a Fire Simulation
System, spatial fuels and vegetation data from LANDFIRE, and wildfire locations. Pixels with
higher values represented a higher hazard potential. Values ranged from 0 to 1986 with classes
representing different levels of wildfire hazard potential such as values ≤ 61 representing very
low, 61 to ≤ 178 low, 178 to ≤ 489 moderate, 489 to ≤ 1986 high, and > 1986 very high. For a
zip code, the average value of all the pixels within the zip code was calculated using “zonal
statistics” tool in ArcMap.
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2.4

Results
Of 2,000 landowners surveyed, 804 returned questionnaires of which 107 questionnaires

were non-eligible because recipients indicated that they did not own land, were deceased or
refused to participate, and 128 were non-deliverable. The remaining 569 questionnaires were
usable resulting in an effective response rate of 36%, which is similar to the response rates
reported by Fischer et al. (2014) and Mutandwa et al. (2016) and higher than rate reported by
Gan et al. (2015). The sample was found to be similar to NIPF landowner population from the
National Woodland Owner Survey (NWOS) in terms of age, gender, education, annual
household income, and possession of written forest management plan (Table 2.2), indicating the
absence of a non-response bias in survey responses (Armstrong and Overton, 1977). A similar
approach was also followed to determine non-response bias by Håbesland et al. (2016).
Table 2.2

Mean values and proportion for National Woodland Owner Survey (NWOS)
population and sample statistics obtained from the mail survey of nonindustrial
private forest (NIPF) landowners conducted in Mississippi in 2016.
Variable

Age
Male
Had at least Bachelor’s degree
Had written forest management plan
Annual household income
2.4.1

NWOS

Sample

64.50
82.14%
50.85%
18.33%
$86,057

67.35
77.16%
48.45%
14.59%
$82,709

Landowner socioeconomic and geospatial characteristics
Landowners who implemented fuel reduction treatments and those who did not were

significantly different in terms of a possession of a written forest management plan (χ2 = 14.61; p
< 0.01), residence within the forest land (χ2 = 11.58; p < 0.01), affiliation with a forestry-related
organization (χ2 = 9.45; p < 0.01), and area of forest land owned (t = -2.59; p < 0.05) (Table 2.3).
Similarly, these two groups also differed in terms of geospatial characteristics such as the
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number of wildfires during 2002-2015 (t = -2.36; p < 0.05), wildfire hazard potential (t = -2.14; p
< 0.05), and percentage of pine forest (t = -2.17; p < 0.05) within the zip-code area where their
largest forest parcel was located (Table 2.3).
Table 2.3

Comparison of landowner groups who implemented fuel reduction treatments and
those who did not in terms of their socioeconomic and geospatial characteristics
based on a mail survey of nonindustrial private forest (NIPF) landowners
conducted in Mississippi in 2016.
Implemented fuel
reduction treatments
Yes
No

Variable
Possession of forest management plan2***
χ2 = 14.6095; p = 0.0001; n = 555
Residence within the forest land2***
χ2 = 11.5755; p = 0.0007; n = 569
Affiliation with forestry organization2***
χ2 = 9.4455; p = 0.0021; 569
Owned forest primarily for income2
χ2 = 0.226; p = 0.6345; n = 541
Owned forest primarily for amenity2
χ2 = 1.6156; p = 0.2037; n = 513
Concern about property damages due to wildfires2
χ2 =0.6404; p = 0.4236; n = 553
Concern about smoke damages due to wildfires2
χ2 = 2.5424; p = 0.1108; n = 553
Experienced wildfires in the past2
χ2 = 0.328; p = 0.5668; n = 532
Landowner was a male2
χ2 = 0.62; p = 0.4311; n = 556
Landowner had at least four year of college education2
χ2 = 0.518; p = 0.4717; n = 549
Landowner’s household annual income was more than $80,0002
χ2 = 0.2349; p = 0.6280; n = 454
Area of forest land owned1**
t-value = -2.59; p-value = 0.0101; n = 546
Number of wildfires since 2002S1**
t-value = -2.36; p-value = 0.0188; n = 427
Wildfire hazard potentialS1**
t-value = -2.14; p-value = 0.0333; n = 427
Percentage of total land covered by pine forestS1**
t-value = -2.17; p-value = 0.0304; n = 427
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52.00

29.00

59.00

38.00

34.00

18.00

233.00

290.00

204.00

234.00

218.00

261.00

159.00

215.00

71.00

87.00

196.00

233.00

115.00

151.00

86.00

114.00

338.70

192.40

178.30

140.80

272.70

235.70

19.58

17.57

Table 2.3 (continued)
Implemented fuel
reduction treatments
Yes
No

Variable

Percentage of total land classified as a public landS1
9.07
t-value = 0.38; p-value = 0.7075; n = 427
Percentage of total land covered by forestS1
44.28
t-value = 0.73; p-value = 0.4669; n = 427
Percentage of total land classified as urban areasS1
2.45
t-value = -0.29; p-value = 0.7753; n = 427
Size of largest wildfireS1
232.20
t-value = -0.56; p-value = 0.5753; n = 422
Age1
68.01
t-value = -1.14; p-value = 0.2564; n = 548
S Geospatial variables calculated at zip-code level.
1 t-test. Values represent means.
2 Chi-square test. Values represent the number of landowners in each category
***p-value < 0.01, ** p-value < 0.05, *p-value < 0.1
2.4.2

9.72
45.19
2.24
218.20
66.83

Landowner concerns about wildfires
More than half of the landowners (55%) strongly agreed that property damage due to

wildfires was an important issue, followed by 32% of landowners who agreed it was an
important issue. However, only 32% of landowners strongly agreed that wildfire smoke resulting
in health problems and vehicular accidents was an important issue and 36% of landowners
agreed smoke damages were an important issue. Only 7% and 14% of landowners, respectively,
did not consider property and smoke damages due to wildfires as important issues (Table 2.4).
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Table 2.4

Concern

Nonindustrial private forest (NIPF) landowner ranking of property and smoke
damages due to wildfire as important issues based on a mail survey conducted in
Mississippi in 2016.
Strongly agree
(%)

Agree
(%)

Undecided Disagree
(%)
(%)

Strongly disagree
(%)

Property
55.97
31.65
7.23
4.52
1.63
damage
Smoke
32.01
35.62
18.26
10.85
3.25
damage
1 – strongly agree, 2 – agree, 3 – undecided, 4 – disagree, 5 – strongly disagree.
2.4.3

Mean
score
1.66
2.17

Fuel reduction treatments implemented on nonindustrial private forest
A relatively large proportion of landowners (45%) implemented some type of a fuel

reduction treatment. Prescribed burning was implemented most commonly by landowners (17%),
followed by chemical vegetation control (13%) and mechanical vegetation control (9%). Other
fuel treatments accounted for 7% and included activities such as grazing and mowing fire lanes
(Table 2.5). Approximately, 11% of landowners implemented more than one type of a fuel
reduction treatment. On average, prescribed burning was implemented every four years on an
average of 174 acres. Similarly, chemical and mechanical vegetation control were implemented
every seven and six years on an average of 131 acres and 73 acres, respectively (Table 2.5).
Prescribed burning was the least costly hazardous fuel reduction treatment ($18 per acre),
followed by chemical ($59 per acre) and mechanical vegetation controls ($127 per acre) (Table
2.5).
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Table 2.5

Area treated, treatment cost, and time interval between fuel reduction treatments implemented by nonindustrial private
forest (NIPF) landowners in Mississippi based on a mail survey conducted in Mississippi in 2016.

Fuel reduction treatment
type
Prescribed burning
Mechanical vegetation
control
Chemical vegetation
control

N
98

Area treated
(acres)
Mean Std. err. Median
173.99
32.03
100.00

Cost of treatment
($/acre)
Mean Std. err.
Median
17.52
2.17
15.00

Time intervals between treatments
(years)
Mean
Std. err. Median
3.60
0.56
3.00

52

72.77

10.38

40.00

126.79

44.43

40.00

6.21

2.28

1.00

71

130.15

31.99

65.00

59.00

6.91

65.00

7.17

1.76

2.00

32

2.4.4

Factors associated with landowner concerns about property and smoke damages
due to wildfires
INCOME, FINANCIAL, MGMTPLAN, and FOREST were related with landowner

concerns about property damages due to wildfires (Table 2.6). Landowners whose household
income was greater than $80,000 were 8% more likely to be concerned about property damage
due to wildfires than landowners whose annual household income was $80,000 or less (p < 0.1).
Similarly, landowners who owned forest land primarily for income generation by producing
timber, providing fee-based recreation, and owning a forest as an investment were 33% more
likely to be concerned about property damage due to wildfires than the landowners whose
primary forest landownership objective was not income generation (p < 0.05). Landowners who
had a written forest management plan were 9% more likely to be concerned about property
damage than those who did not have one (p < 0.1). An increase in forest cover by 1% in a
landowner’s largest forest parcel location was associated with increased concerns about property
damage due to wildfire by 0.4%.
GENDER, INCOME, and FINANCIAL were related with landowner concerns about
smoke-related damages such as health problems and vehicular accidents due to wildfires (Table
2.6). Male landowners were 15% less likely to be concerned about smoke damages than female
landowners (p < 0.05). Similarly, landowners whose annual household income was greater than
$80,000 were 12% less likely to be concerned about smoke damages than landowners with
income was $80,000 or less (p < 0.05). However, landowners who owned a forest for financial
purposes were 38% more likely to be concerned about smoke damages than landowners who did
not own forest land primarily for income generation (p < 0.1).

33

Table 2.6

Seemingly unrelated probit model (SUPM) estimates for factors related to nonindustrial private forest (NIPF) landowner
concern about property and smoke damages due to wildfires based on a mail survey conducted in Mississippi in 2016.

Variables
AGE
GENDER
EDUCATION
FORESTRY
INCOME
RESIDENCE
AREA
FINANCIAL
AMENITY
EXPERIENCE
MGMTPLAN
WFNUM
WHP
FOREST
PINE
URBAN
PUBLIC
WFSIZE
Constant
N
Log Likelihood
LR Chi-square
Prob > Chi2

Estimate
-0.0087
-0.4599
-0.3544
-0.3024
0.4639*
0.1514
-0.0001
1.1823**
0.0161
-0.0292
0.5987*
-0.0000
-0.0012
0.0233**
-0.0013
0.0023
0.0177
-0.0000
-0.0087
304
-262.5965
53.4500
0.0307

Concern about property damage
Marginal effect
Std. err.
-0.0016
0.0017
-0.0707
0.0390
-0.0647
0.0416
-0.0606
0.0770
0.0801
0.0433
0.0259
0.0439
-0.0000
0.0001
0.3253
0.1681
0.0029
0.0588
-0.0053
0.0400
0.0867
0.0377
-0.0000
0.0001
-0.0002
0.0002
0.0042
0.0017
-0.0002
0.0030
0.0004
0.0028
0.0032
0.0019
-0.0000
0.0001

***p-value < 0.01, ** p-value < 0.05, *p-value < 0.1
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Concern about smoke damage
Estimate
Marginal effect
Std. err.
-0.0099
-0.0033
0.0025
-0.4710**
-0.1480
0.0639
0.1243
0.0417
0.0586
-0.4118
-0.1472
0.0991
-0.3429*
-0.1169
0.0649
-0.1464
-0.0503
0.0695
0.0001
0.0000
0.0001
1.0639**
0.3838
0.1595
-0.3196
-0.1015
0.0792
-0.0735
-0.0249
0.0583
-0.0181
-0.0061
0.0757
0.0005
0.0002
0.0002
-0.0001
-0.0000
0.0003
0.0099
0.0033
0.0024
-0.0103
-0.0035
0.0042
-0.0050
-0.0017
0.0047
0.0039
0.0013
0.0022
0.0001
0.0000
0.0001
-0.0099
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2.4.5

Factors related to implementation of fuel reduction treatments
GENDER, AREA, MGMTPLAN, FOREST, PINE, and C_PROP were related with

landowner implementation of fuel reduction treatments (Table 2.7). Landowners who considered
property damage due to wildfires as an important issue were 18% more likely to implement a
fuel reduction treatment than landowners who were not concerned about the property damage (p
< 0.05). Landowners who had a written forest management plan were 16% more likely to
implement a fuel reduction treatment than those who did not have a written forest management
plan (p < 0.1). Male landowners were 12% more likely to implement a fuel reduction treatment
than female landowners (p < 0.1). An increase in forest area owned by 1 acre was associated
with a 0.2% increase in probability of implementing a fuel reduction treatment (p < 0.1).
Landowners in zip-code areas where pine forest cover was larger were more likely to implement
a fuel reduction treatment. With an increase of 1% in pine forest cover in a zip-code area, the
probability of implementing a fuel reduction treatment by landowners increased by 0.7% (p <
0.1). However, an increase of 1% in overall forest land in a zip-code area was associated with a
decrease in probability of implementing a fuel reduction treatment by 0.6% (p < 0.05).
Table 2.7

Binary probit estimates of factors related to implementation of fuel reduction
treatments based on a mail survey of nonindustrial private forest (NIPF)
landowners conducted in Mississippi in 2016.

Variables
AGE
GENDER
EDUCATION
FORESTRY
INCOME
RESIDENCE
AREA
FINANCIAL

Estimate
0.0039
0.3471*
0.0971
0.3112
-0.1701
0.3347
0.0005*
0.1809

Marginal effect
0.0013
0.1165
0.0333
0.1092
-0.0580
0.1176
0.0002
0.0611
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Std. err.
0.0025
0.0682
0.0597
0.1002
0.0657
0.0725
0.0001
0.1605

Table 2.7 (continued)
Variables
Estimate
Marginal effect
0.1397
AMENITY
0.4203
-0.0135
EXPERIENCE
-0.0395
0.1811
C_PROP
0.5286**
-0.0541
C_SMOKE
-0.1579
0.1561
MGMTPLAN
0.4409*
0.0001
WFNUM
0.0004
0.0002
WHP
0.0007
-0.0058
FOREST
-0.0170**
0.0070
PINE
0.0205*
0.0017
URBAN
0.0048
-0.0009
PUBLIC
-0.0027
-0.0001
WFSIZE
-0.0004
Constant
-1.6213*
N
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Log Likelihood
-181.6987
LR Chi-square
52.12
Prob > Chi2
0.0001
***p-value < 0.01, ** p-value < 0.05, *p-value < 0.1
2.5

Std. err.
0.0817
0.0587
0.0887
0.0614
0.0838
0.0002
0.0003
0.0025
0.0041
0.0052
0.0022
0.0001

Discussion
Although NIPF landowners own most of the forest land in Mississippi and directly

influence the hazardous fuel conditions on their lands and their communities, little is understood
about their concerns towards wildfires and different forest management activities conducted on
their forest land to reduce wildfire hazard. This study determined if wildfires were considered as
an issue by Mississippi NIPF landowners. It examined the types of fuel reduction treatments they
implemented to mitigate wildfire hazards. It also studied the association of socioeconomic and
geospatial factors with implementation of fuel reduction treatments. Most NIPF landowners
considered property damage due to a wildfire as an important issue, which was ranked as more
important than health issues and vehicular accidents due to smoke from wildfires. About 45% of
NIPF landowners implemented some type of a fuel reduction treatment including prescribed
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burning, mechanical vegetation control, and/or chemical vegetation control. This finding was
comparable to Gan et al. (2015), who found that among NIPF landowners in the southern U.S.,
20% had implemented some mitigation activities, and 30% implemented both mitigation
activities as well as some adaptive measures. Hence, the present study indicated that Mississippi
NIPF landowners were also concerned about consequences of wildfires and likely to actively
implement forest management activities to reduce fuels and mitigate a wildfire hazard.
Among various fuel reduction treatments, prescribed burning was the most commonly
implemented by NIPF landowners in Mississippi. This could be a result of prescribed burning
being widely accepted in the southeastern U.S. by landowners and the general public as an
important forest management activity (Kobziar et al., 2015). Prescribed burning was also less
costly ($18 per acre) than other fuel treatments. For example, mechanical vegetation control was
the costliest ($127 per acre) fuel reduction method and was the least frequently implemented by
landowners, indicating cost might be an important factor when deciding whether to implement a
fuel reduction treatment. Likewise, Maggard and Barlow (2017) estimated costs and trends of
forestry practices in southern U.S. (14 southern states). They also found similar results where
prescribed burning was the least costly and mechanical thinning was the costliest forestry
practice. However, they found that chemical application was the most commonly implemented.
Chemical application to prepare a site for tree planting was an increasing trend because of
reduced cost of the treatment and avoided liability issues related to prescribed burning
(Callaghan et al., 2019). Moreover, discrepancies in the frequencies might be due to differences
in the study area, survey respondents, and study objectives. For example, Maggard and Barlow,
(2017) surveyed not only individual forest landowners but also private firms and public agencies
in 14 southern states to determine costs of forestry practices implemented for various
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management purposes, whereas this study focused only on cost of fuel treatments implemented
by NIPF landowners in Mississippi.
The cost of fuel reduction treatments estimated in this study were lower than estimates
reported by Maggard and Barlow, (2017). They found that respondents paid $26.63 per acre for
prescribed burning, $69.53 per acre for herbicide application, $140.99 per acre for mechanical
site preparation, and $159.44 per acre for precommercial thinning. Since the cost of
implementing forest management activities depended mainly on labor, fuel and equipment costs,
the relatively lower costs of these factors in Mississippi compared to other states in the southern
U.S. might have led to lower cost estimates (U.S. Bureau of Labor Statistics, 2019). This
information will be useful for making decisions whether to implement fuel reduction treatments
and perform benefit-cost analyses of these treatments. It will also allow agencies to compare
costs of fuel reduction treatments with that of wildfire suppression activities to determine more
cost efficient approaches and prioritize programs for efficient use of their resources (Kobziar et
al., 2015; Callaghan et al., 2019). Furthermore, this cost information can be used to prepare
programs similar to the USDA Forest Service Activities System (FACTS) that can be used by
landowners to estimate the cost of implementing fuel reduction treatments on their forest land
and budget them (Loomis et al., 2019).
Landowners who owned a forest land primarily for income generation were more
concerned about both property and smoke damages due to wildfires than landowners whose
primary objective of forest ownership was not income generation. This result was consistent with
findings of Fischer et al. (2014) where landowners were concerned about personal and financial
losses from wildfires. The concern about property damage, in turn, led to a greater
implementation of fuel reduction treatments by these landowners. Other studies have also found
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a positive relation between concern about wildfire issues and implementation of fuel reduction
treatments (Winter and Fried, 2000; Amacher et al., 2005; Paton et al., 2006; Jarrett et al., 2009;
McFarlane et al., 2011; Fischer et al., 2014). However, no significant association was found
between implementation of fuel reduction treatments and landowner concerns about smoke
damages from wildfires. It might be because fewer landowners were concerned about smoke
effects due to wildfires. Blades et al. (2014) also found that smoke from wildfires was not a
major concern among public in the northern Rocky Mountains and south-central U.S. Hence,
concern about property damages caused by wildfires, as indicated in this study, was a better
determinant of fuel reduction treatment implementation likelihood than concern about smoke
damages caused by wildfires. Thus, communicating potential financial losses that can result from
wildfire events can attract landowner attention. Thereby encouraging them to learn more about
wildfire risk and possibly motivate them to implement fuel reduction treatments.
Landowners who had written forest management plans were more concerned about
property damages as well as more likely to implement fuel reduction treatments. A written forest
management plan is a guide to the landowners that provides information on current forest
conditions and forest management activities recommended to achieve forest land ownership
objectives (Bettinger et al., 2016). Forest management plans are typically prepared by
professional foresters who are aware of the risks associated with specific forest conditions and
thus provides landowners with management prescriptions, such as the reduction of accumulated
hazardous fuels, to help lower these risks (Gan et al., 2015; Bettinger et al., 2016; Floress et al.,
2018). Jarrett et al. (2009) and Gan et al. (2015) also found a positive influence of a written
forest management plan on the implementation of fuel reduction treatments. Furthermore, with
an increase in the area of forest land owned, the landowners were more likely to implement fuel
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reduction treatments. With a larger forest area to treat, the fixed costs of implementing fuel
reduction treatments are distributed over the larger area resulting in a lower cost per unit area due
to the economies of scale (Collins et al., 2010). Currently, the MFC helps prepare forest
management plans for landowners who own up to 250 acres. Further assistance (i.e., reduced
cost, free consultation, or educational programs) to the landowners who own larger areas of
forest land in preparing forest management plans and incorporating fuel reduction treatments into
these plans to reduce wildfire hazard across larger landscapes are needed.
Past experience with wildfires was not associated with concerns about property and
smoke damages due to wildfires or with implementation of fuel reduction treatments.
Conversely, other studies (e.g. Walker et al., 2007; Jarrett et al., 2009; Schulte and Miller, 2010;
Brenkert-Smith et al., 2012; Gordon et al., 2012; Fischer et al., 2014) have found a positive
association. This might be due to the “risk dampening effect” as explained by Carroll et al.
(2004) where landowners who had previously experienced wildfires perceived a lower
probability of another wildfire occurrence on their land in the future. Moreover, the trend can
also be that those who had experienced wildfire perceived it as an uncontrollable event despite
available mitigating efforts, as found by Winter and Fried (2000). Gan et al. (2015) also did not
find any significant association between past wildfire experience and implementation of fuel
reduction treatments among southern U.S. forest landowners which is consistent with this study.
However, they did find that landowners who previously experienced wildfires were more likely
to take more comprehensive approaches including both adaptive and mitigative options. Another
probable reason for this discrepancy might be the characteristics of wildfires occurring in the
southeastern U.S., which are of lower intensity and severity to those compared to the western
U.S. (Cooke et al., 2007a; National Interagency Coordination Center, 2019), reducing the
40

likelihood of fuel reduction treatments by landowners. Although most past wildfires might have
been of low severity according to the landowners, they need to be reminded through outreach
programs that lack of preventive actions can lead to highly severe wildfires and motivate to
implement fuel treatments and other preventive prescriptions to reduce wildfire hazard.
Some of the socioeconomic factors were associated with concerns related to wildfire
damages as well as implementation of fuel reduction treatments. Female landowners were more
concerned about smoke damages due to wildfires than male landowners; however, they were less
likely to implement fuel reduction treatments. This may be because female landowners are less
likely to actively seek information, have fewer experiences with wildfires, and were less likely to
develop plans for wildfire mitigation and prevention (Jarrett et al., 2009). Given 23% of NIPF
landowners were female in this study, more effective engagement with this landowner group in
the implementation of hazardous fuel reduction treatments is important for more comprehensive
coordination of these treatments and large-scale wildfire hazard reduction. Establishment of
‘Female Woodland Organization’ in Mississippi like in other few states such as Maine, South
Carolina, and others would be a proactive initiative in Mississippi that would empower women
landowners (Butler et al., 2017; Huff, 2017). In addition to programs geared towards all
landowners, women landowner-focused workshops and trainings providing them with needed
information about wildfire risk, prevention and mitigation strategies may encourage more of
them to participate in wildfire mitigation activities.
The percentage of forest area in the zip-code where a landowner’s largest forest parcel
was located was positively associated with landowner concerns about property damages due to
wildfires. Fischer et al. (2014) found that a landowner’s concern about wildfire risk was
influenced by nearby surroundings and fuel conditions. However, the percentage of forest area
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was negatively associated with implementation of fuel reduction treatments. Yet, the percentage
of pine forest within the zip-code where a landowner’s largest forest was located was positively
associated with implementation of fuel reduction treatments. The reason behind landowner
motivations to implement treatments where pine forest cover was higher may be because pine
forests are more hazardous compared to other forest types (Munn et al., 2003). Thus,
collaborative fuel reduction treatments have greater probability of success if areas with higher
concentration of pine forest are prioritized for treatments because of greater perceived wildfire
hazard by landowners.
This study has several limitations related to data availability. The analysis used average
estimates of geospatial data in a zip code in which a landowner’s largest forest parcel was
located. Availability of actual coordinates of forest parcel locations would more precisely
estimate the relationships between concerns about wildfire damages and implementation of fuel
reduction treatments using geospatial factors. Furthermore, many landowners who indicated that
they had implemented fuel reduction treatments did not specify the type of treatment. A larger
number of responses specifying the type of fuel reduction treatment implemented and related
characteristics such as area treated, cost per acre, and the interval between successive treatments
would have provided more precise estimates.
2.6

Conclusions
This study determined concerns of NIPF landowners about wildfire damages and

identified trends in implementation of fuel reduction treatments. Landowners were more
concerned about property than smoke damages from wildfires. Ownership of forest land for
income generation and annual household income influenced concerns about property and smoke
damages due to wildfires. Making landowners aware of potential financial losses that could
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result from wildfires should be adopted in designing awareness programs to make landowners
more conscious of the wildfire risk and motivate them to take preventive actions.
Landowners implemented prescribed burning, chemical vegetation control, and
mechanical vegetation control. Prescribed burning was the most commonly implemented by
landowners at $18 per acre every four years. Mechanical vegetation control was the least
frequently implemented fuel reduction treatment at $130 per acre every six years. These results
will help forest and fire managers understand different fuel reduction treatments implemented by
landowners to reduce wildfire hazard on their forest land. Furthermore, the results provide
baseline information that can be used to conduct benefit-cost analyses and determine if fuel
reduction treatments are being implemented sufficiently frequently for an effective wildfire
hazard reduction. Moreover, cost sharing for implementing costly fuel treatments such as
mechanical vegetation control or providing equipment to help lower total implementation costs
may encourage more frequent implementation of treatments to lower accumulation of hazardous
fuels and reduce wildfire occurrence.
Implementation of fuel reduction treatments were associated with landowner concern
about property damages due to wildfires, forest area owned, possession of a forest management
plan, higher concentration of pine forests within the landowner’s largest parcel location, and the
landowner’s gender. Prioritizing areas where pine forest is a dominant cover type and providing
additional support for landowners who own large forest land parcels can encourage participation
of landowners in the implementation of fuel reduction treatments to reduce wildfire hazard.
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CHAPTER III
LIKELIHOOD OF FUEL REDUCTION TREATMENT IMPLEMENTATION BY
NONINDUSTRIAL PRIVATE FOREST LANDOWNERS
3.1

Abstract
Involvement of nonindustrial private forest (NIPF) landowners in regular fuel

management is necessary for effective landscape wildfire hazard reduction. This study quantified
the probability that NIPF landowners will implement a fuel reduction treatment in the next five
years and determined its association with landowner attitudes towards wildfires, forest
landownership and socioeconomic characteristics, and geospatial components of landowners’
forest land location. Data were collected via a mail survey of 2,000 randomly selected NIPF
landowners who owned at least 40 acres of forest land in Mississippi. Only 30% of landowners
were likely to implement a fuel reduction treatment in the next five years. Management of
undesired vegetation, promotion of tree growth, improvement of wildlife habitat, and reduction
of wildfire likelihood were primary objectives for implementing fuel reduction treatments.
Landowners who implemented fuel reduction treatments in the past, had experience with
wildfires, were concerned about property damages due to wildfires, and were familiar with
wildfire prevention and mitigation programs were more likely to implement a fuel reduction
treatment in the next five years. Similarly, ownership of forest land for maintaining ecosystem
services, forest land area, and implementation of fuel reduction treatments by neighboring
landowners were positively associated with the likelihood of fuel reduction treatments in the next
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five years. This study will be helpful in developing more effective programs to encourage
landowners to regularly treat hazardous fuels in their forests to reduce wildfire hazard.
Keywords: binary logistic regression, geospatial components, marginal effect, wildfires.
3.2

Introduction
The accumulation of hazardous forest fuels is considered one of the primary causes of

wildfire occurrence (Agee and Skinner, 2005) leading to severe burns resulting in loss of life,
property, and resources (Weatherspoon and Skinner, 1996). Management of hazardous forest
fuels is necessary to reduce wildfire outbreaks and their severity, reduce potential damages, and
minimize the cost and effort of wildfire suppression (Agee and Skinner, 2005; Brewer and
Rogers, 2006). Fuel management is a process of implementing activities such as prescribed
burning, mechanical vegetation control, and chemical vegetation control, to break the continuity
of surface, ladder, and crown fuels thus altering the fuel structure resulting in reduced flame
length, fire intensity, and occurrence of crown fires (Vaillant et al., 2009).
Fuels management treatments are not one-time activities. They need to be planned and
implemented periodically because their effectiveness at reducing wildfire behavior decreases
with time (Fernandes and Botelho, 2003; Finney et al., 2005; Reinhardt et al., 2008; Stephens et
al., 2012a; Champ et al., 2013; McIver et al., 2013). For example, prescribed burning in the
southeastern United States has short-term effects on stand structure and fuels (Fernandes and
Botelho, 2003; Outcalt and Wade, 2004; McIver et al., 2013; Kobziar et al., 2015; Waldrop et al.,
2016). Mechanical vegetation control is effective in reducing crown fuels and ladder fuels but
also has short-term effects on stand structure and fuels (Ottmar and Prichard, 2012; Stephens et
al., 2012a; McIver et al., 2013). Similarly, chemical vegetation control, involving application of
herbicides, is only effective for a relatively short time (Wolcott et al., 2007). Thus, fuel
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treatments need to be planned and implemented frequently to make effective changes in fuel
structure and prevent accumulation of hazardous fuels to make forests less susceptible to the
wildfires (Reinhardt et al., 2008; McIver et al., 2013).
The effectiveness of fuel treatments depends on the ability to implement them in a
coordinated manner over large landscapes (Finney et al., 2005; Reinhardt et al., 2008; Collins et
al., 2010). Since 58% of U.S. forest land is owned by private owners (Butler et al., 2016) and
condition of fuels on these private lands directly influences the probability of wildfire occurrence
and its spread across the landscape (Ager et al., 2012), implementing fuel treatments strategically
across the landscape can be achieved only with the participation of private landowners (Collins
et al., 2010). Involvement of private landowners in wildfire occurrence mitigation is specifically
important in the southeastern U.S. because 86% of forest land is owned by private owners, of
which 67% is owned by nonindustrial private forest (NIPF) landowners (Butler and Wear, 2013).
The southeastern U.S. consists of one of the most productive forests in the United States (Oswalt
and Smith, 2014) and is also considered a timber basket because it produces most of the
harvested timber contributing to the regional and national economies. Moreover, due to high site
productivity in the region, fuels accumulate rapidly which shortens the effectiveness of fuel
reduction treatments (Waldrop et al., 2010; Ottmar and Prichard, 2012). Therefore, participation
of NIPF landowners in regular and coordinated implementation of fuel reduction treatments is
particularly important to effective reduction of the landscape-level wildfire hazard (Reinhardt et
al., 2008; Fischer et al., 2014).
NIPF landowner motivation to implement fuel reduction treatments is related with their
forest ownership objectives, wildfire-related attitudes and experience, socioeconomic
characteristics, and geospatial features of their forest land location (Wyman et al., 2012; Champ
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et al., 2013; Fischer et al., 2014; Olsen et al., 2017). Forest ownership objectives influence the
implementation of fuel reduction treatments (Fischer, 2012; Fischer and Charnley, 2012; Fischer
et al., 2014; Meldrum et al., 2014; Gan et al., 2015). Landowners who owned forest land
primarily for a timber production were more likely to implement fuel reduction treatments
(Fischer et al., 2014). Similarly, possession of a written forest management plan (Jarrett et al.,
2009; Gan et al., 2015) and ownership of relatively larger forest areas were associated with
greater likelihood of implementation (Brenkert-Smith et al., 2012). Concern over the
consequences of an event such as a wildfire also motivated people to take preventive measures to
avoid the risk of that event occurrence (Ajzen, 1991; Gordon et al., 2010). Landowners who
were concerned about financial losses or property damages due to wildfires were more likely to
implement fuel reduction treatments (Fischer et al., 2014). Similarly, past experience with
wildfires was an influential factor (Walker et al., 2007; Jarrett et al., 2009; Schulte and Miller,
2010; Brenkert-Smith et al., 2012; Gordon et al., 2012; Fischer et al., 2014; Olsen et al., 2017).
Neighbors sharing information or neighbors implementing treatments can influence other
landowners to implement such treatments (Busby and Albers, 2010; Fischer and Charnley, 2012;
Fischer et al., 2014). Socioeconomic characteristics of landowners such as income, age,
education, gender, and affiliation with a forestry organizations were also associated with the
likelihood of implementing fuel reduction treatments (Walker et al., 2007; Jarrett et al., 2009;
Brenkert-Smith et al., 2012; Wyman et al., 2012; Champ et al., 2013; Fischer et al., 2014; Gan et
al., 2015; Olsen et al., 2017). Similarly, residence within a forest land was associated with a
greater likelihood that a forest landowner will engage in treatments (Jarrett et al., 2009; Fischer,
2011; Wyman et al., 2012; Fischer et al., 2014; Gan et al., 2015). Geospatial factors of the forest
land, such as fuel conditions on and around the property, influenced the likelihood of fuel
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reduction treatment implementation. If the fuel conditions were hazardous, landowners were
more likely to implement treatments (Fischer et al., 2014; Olsen et al., 2017). Similarly, other
geospatial factors such as forest type and proportion of urban area and public lands influenced
the concern about wildfires. For example, people living near public forests were more concerned
about wildfires than other individuals (Gordon et al., 2012). Studies designed to gain better
understanding of factors that influence the likelihood fuel reduction treatment implementation
and incorporating those factors while developing wildfire mitigation programs will help better
address landowner concerns and needs in terms of wildfire hazard reduction and motivate them
to implement frequent and coordinated fuel reduction treatments.
Numerous studies have determined factors influencing implementation of fuel reduction
treatments by NIPF landowners, wildland-urban interface (WUI) homeowners, and others
(Brenkert-Smith et al., 2012; Wyman et al., 2012; Champ et al., 2013; Meldrum et al., 2014;
Dickinson et al., 2015; Gan et al., 2015; Hmielowski et al., 2016; Olsen et al., 2017; Dupéy and
Smith, 2018). However, most studies have been conducted in the western U.S., where forest
types and structure of forest ownership are different from those in the southeastern U.S.
Furthermore, forest landowners in the western U.S., relative to those in the southern U.S., are
likely to have different ways of managing their forest land (Dupéy and Smith, 2018). Studies that
determine likelihood of implementing fuel reduction treatments by NIPF landowners to reduce
wildfire risk in the southern U.S. are few. This gap in the knowledge might prevent fire and
natural resource managers from developing suitable support programs and increasing
participation of NIPF landowners in the wildfire hazard mitigation programs.
Therefore, the objective of this study was to determine the likelihood of implementing
fuel reduction treatments in the next five years by NIPF landowners in Mississippi. In addition,
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the study summarized primary objectives for implementing fuel reduction treatments by NIPF
landowners and determined factors associated with the likelihood that NIPF landowners will
implement fuel reduction treatments. Forest and natural resource managers, and fire managers
can use this information when planning and coordinating implementation of fuel reduction
treatments and formulate effective fuel management programs to increase the number of
participating landowners and frequency of implementing fuel reduction treatments to reduce the
likelihood of future wildfires.
3.3
3.3.1

Methods
Study area
The study was conducted in Mississippi where two-third of total land is covered by

forests, of which 55% (10.8 million acres) is covered by hardwood and mixed oak-pine forests.
Loblolly-shortleaf pine forest type covers 7.5 million acres (Oswalt, 2015a). Forests in
Mississippi provide both environmental benefits such as improved air and water quality and
economic benefits such as employment and raw materials to mills (Oswalt, 2015b; Dahal et al.,
2017). Mississippi has long and hot growing season which favors growth of forests resulting in a
rapid accumulation of fuels and an increasing the wildfire risk (Schultz, 1997; Stanturf et al.,
2002; Grala and Cooke, 2010). Furthermore, increasing WUI areas in the state increases
probability of wildfire occurrence causing loss of property and lives (Martinuzzi et al., 2015;
Grala et al., 2017). Around 4,000 wildfires occur around the state every year with an average size
of 12 acres. Although these wildfires are not as catastrophic as wildfires in the western U.S., they
pose threats to property and humans (Maingi and Henry, 2007; Syphard et al., 2012). Since
majority of forest land (77%) is owned by NIPF landowners (Mississippi Forestry Commission,
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2018), it is important that they implement fuel reducing activities to minimize wildfire risks to
property and people (Figure 3.1).

Figure 3.1

Forest landownership patterns in Mississippi, United States.

Source: Hewes et al. (2017)
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3.3.2

Data collection
Data regarding NIPF landowner likelihood of implementing fuel reduction treatments in

the next five years were collected using a mail survey sent to 2,000 randomly selected NIPF
landowners who owned at least 40 acres (16 hectares) of forest land in Mississippi. The
questionnaire was comprised of five sections including questions related to ownership forest
types and goals, landowner opinion about wildfires, wildfire mitigation activities implemented
by landowners, a contingent valuation scenario to examine landowner willingness to pay for
implementing prescribed burning on their land to reduce wildfire hazard, and information on
landowner socioeconomic characteristics. In the section on wildfire mitigation activities,
landowners were asked if they would implement fuel reduction treatments in the next five years.
They were also asked about factors that they would consider important while deciding to
implement fuel reduction treatments and the forest type in which they would be most interested
in implementing them in the future. Geospatial data related to land cover type, wildfire
occurrence, and wildfire hazard potential (WHP) were collected from National Land Cover
Database (NLCD) (Yang et al., 2018), Mississippi Forestry Commission (MFC), and USDA
Forest Service Research Data Archive (Dillon, 2015), respectively.
3.3.3

Data analysis
National Woodland Owner Survey (NWOS) table maker (Butler et al., 2019) was used to

determine descriptive statistics of socioeconomic characteristics of landowners who own at least
40 acres of forest land in Mississippi and compare them with study sample to identify a potential
non-response bias (Armstrong and Overton, 1977; Håbesland et al., 2016). Socioeconomic
characteristics of landowners included age, gender, education level, annual household income,
and possession of a written forest management plan. Average or proportional estimates for these
58

characteristics were used to determine similarity in between the NWOS population and the
obtained sample.
The likelihood that a NIPF landowner will implement a fuel reduction treatment in the
next five years was summarized using frequencies. In addition, objectives related to the
implementation of fuel reduction treatments such as increasing timber growth, improving a
wildlife habitat, reducing a wildfire likelihood, promoting forest health, and improving aesthetics
were summarized. Furthermore, landowner interest in implementing fuel reduction treatments to
reduce wildfire hazards on forest land owned was summarized by forest types.
A random utility model was used to analyze the choice that a landowner will make
regarding whether to implement a fuel reduction treatment or not. This model has been widely
used for studying choices made by individuals (Haab and McConnell, 2002; Gan et al., 2015).
The utility (Uij) associated with implementation of a fuel reduction treatment on landowner’s
forest parcel is given by:

Uij = βXij + Ԑij

(3.1)

where, 𝑋𝑖𝑗 is the vector of predictor variables representing forest ownership, attitude towards
wildfires, socioeconomic characteristics, and geospatial factors (Table 3.1), 𝛽 is the vector of
coefficients associated with X, and 𝜀𝑖𝑗 is the random error.
A landowner j will decide to implement a fuel reduction treatment in the next five years
only if the utility of implementing the treatment (i = 1) becomes greater than the utility
associated with not implementing it (status quo, i = 0):
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U1j > U0j

(3.2)

The probability that a landowner will implement a fuel reduction treatment in the next
five years can be defined as:

Pr (yesj ) =βXij +Ԑij

(3.3)

The logistic distribution of the random error was assumed where the probability is
bounded between 0 to 1. Thus, a binary logistic model was selected to quantify the probability
that a landowner will implement a fuel reduction treatment in the next five years:

Logit( P(Yi =1) =βXi +Ԑi

(3.4)

where (P(Yi =1)) is the probability that a landowner will implement a fuel reduction treatment in
the next five years, (P(Yi =0)) is the probability that a landowner will not implement a fuel
reduction treatment in the next five years, 𝛽 is the vector of coefficients associated with X
(predictor variables), X is a set of predictor variables used to determine the probability that a
landowner will implement a fuel reduction treatment (Table 3.1), and 𝜀𝑖𝑗 is the random error.
The probability that a forest landowner will implement a fuel reduction treatment in the
next five years was originally measured using a 5-point Likert scale where 1 – very likely, 2 –
likely, 3 – unsure, 4 – unlikely, and 5 – very unlikely. The variable was then recoded into a
binary variable where “very likely” and “likely” to implement a fuel reduction treatment were
coded as 1 (likely to implement a fuel reduction treatment in the future) and “unlikely” and “very
unlikely” to implement a fuel reduction treatment were coded as 0 (unlikely to implement a fuel
reduction treatment). The unsure responses were removed from the analysis.

60

Table 3.1

Description of variables used in a logistic regression model to determine the
probability that a nonindustrial private forest (NIPF) landowner will implement a
fuel reduction treatment in the next five years based on a mail survey conducted in
Mississippi in 2016.

Variables
Dependent variable
Likelihood

Independent
variables
FINANCIALa
ECOLOGICAL
SERVICESa
MGMTPLAN
FRT
NEIGHBORb
AREA
C_SMOKEa
C_PROPa
EXPERIENCE
FAMILIARITY
AGE
GENDER
EDUCATION

Description

Mean

Likelihood that a landowner will implement a fuel reduction
treatment in the next five years: 1 if likely to implement a
fuel reduction treatment in the next five years, 0 if unlikely
to implement a fuel reduction treatment in the next five
years.

0.420

Income generation as forest ownership objective: 1 if a
landowner reported investment and return from a forest as
an important forest ownership objective, 0 if not.
Providing ecological services as a forest ownership
objective: 1 if a landowner reported ecological and wildlifeoriented and personal recreation as an important ownership
objectives, 0 if not.
Possession of a written forest management plan: 1 if a
landowner had a plan, 0 if not.
Implementation of fuel reduction treatment in the past: 1 if
implemented a fuel reduction treatment, 0 if not.
A likelihood that a landowner will implement fuel reduction
treatments if her/his neighbor would implement one: 1 if a
landowner was likely to implement a treatment, 0 if not.
Forest land owned by a landowner (acres).
Concern about smoke damage such as health problems and
vehicular accidents due to wildfires: 1 if a landowner was
concerned, 0 if not.
Concern about property damage due to wildfires: 1 if a
landowner was concerned, 0 if not.
Health issues or/and property damage in the family or
neighborhood due to wildfire: 1 if a landowner experienced
such issues, 0 if not.
Familiarity with wildfire awareness, prevention, and
mitigation programs. 1 if a landowner was familiar, 0 if not.
Age of landowner.

0.967

Landowner’s gender: 1 if male, 0 if female.
Education level: 1 if a landowner reported education level
higher than some college, 0 if a landowner reported some
college education or less.
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0.854

0.146

0.621
1.041
0.676
0.866
0.297
0.402
67.350
0.772
0.485

Table 3.1 (continued)
Variables
Independent
variables
INCOME

Description

Mean

Landowner’s annual household income in 2014 before taxes:
0.441
1 if landowner’s income was above $80,000, 0 if $80,000 or
less.
RESIDENCE
Place of residence: 1 if a landowner resided within her/his
0.170
forest land, 0 if not.
FORESTRY
Landowner’s affiliation with forestry-related organization: 1
0.091
if landowner was affiliated, 0 if not.
FORESTs
Percentage of total land covered by a forest.
44.779
s
URBAN
Percentage of total land covered by urban areas.
2.337
PINEs
Percentage of total land covered by a pine forest.
18.479
PUBLICs
Percentage of total land classified as public land.
9.428
WFNUMs
Number of wildfires during 2003 to 2015.
157.754
WFSIZEs
Largest wildfire occurrence during 2003 to 2015 (acres)
0.909
s
WHP
Wildfire hazard potential.
252.433
a
Originally measured on a five-point Likert scale: 1 – very important, 2 – important, 3 –
moderately important, 4 – of little importance, and 5 – unimportant. Converted to a binary
variable with values below the mean coded as 1 (important) and those above the mean as 0
(unimportant).
b
Originally measured on a three-point Likert scale: 1 – Definitely, 2 – Maybe, and 3 – Not at all.
Converted to a binary variable with values below the mean coded as 1 (prompted) and those
above the mean coded as 0 (not prompted).
s
Geospatial variables whose zip-code level values were determined using spatial join tool and
zonal statistics in ArcMap.
Two binary logistic models were developed: 1) Model A including all social and
geospatial variables and 2) Model B excluding geospatial variables to determine if the addition
of geospatial variables changed the predictive accuracy of the model in determining likelihood of
fuel reduction treatment implementation in the next five years.
3.4

Results
The mail survey had a response rate of 36% (569 usable questionnaires) after accounting

non-eligible questionnaires due to recipients not owning the land, death or refusal to participate,
and non-delivery. The sample mostly consisted of male landowners (77%). The average age of
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landowners was 67 years. Almost half (48%) of landowners had at least a Bachelor’s degree.
Average household annual income was $82,709. Only 15% of landowners had a written forest
management plan. The sample estimates were similar to those obtained from NWOS where 82%
of landowners were male, 65 years old on average, 51% had at least Bachelor’s degree or higher
education level, average annual household income was $86,057, and 18% of landowners had a
written forest management plan. Similarity between these two samples suggested that a nonresponse bias was not present (Armstrong and Overton, 1977; Håbesland et al., 2016).
3.4.1

Implementation of fuel reduction treatments in the next five years
Most landowners were not likely to implement a fuel reduction treatment in the next five

years where 23% of landowners were “very unlikely”, 18% were “unlikely”, and 30% of
landowners were “unsure” if they will implement a fuel reduction treatment. Only 12% and 17%
of landowners were likely and very likely, respectively, to implement a fuel reduction treatment.
Of those landowners who implemented a treatment in the past, only 38% indicated that they were
likely implement another treatment in the next five years. In terms of specific fuel treatments,
74%, 61%, and 60%, of landowners, who implemented prescribed burning, chemical vegetation
control, and mechanical vegetation control in the past, respectively, indicated that they were
likely to implement a fuel reduction treatment in the next five years (Table 3.2).
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Table 3.2

Past implementation of fuel reduction treatments and likelihood of implementing a
fuel reduction treatment in the next five years by nonindustrial private forest
(NIPF) landowners based on a mail survey conducted in Mississippi in 2016.

Likely
Unlikely
Unsure
Freq.
% Freq.
%
Freq.
%
Past treatment implementation
97
84
53
Prescribed burning
73 74.49
7
7.14
17 17.35
Mechanical vegetation control
31 59.52
9 17.31
12 23.08
Chemical vegetation control
43 60.56
15 21.13
12 16.90
No treatment in the past
64 20.51
138 44.23
109 34.94
Totals
161 29.54
222 40.73
162 29.72
Percentages do not add up to 100% because landowners were allowed to select more than one
fuel reduction treatment type.
3.4.2

Objectives for implementing fuel reduction treatments in the next five years
Landowners indicated that if they decided to implement a fuel reduction treatment in the

future, the primary reasons for implementing it would be to manage undesired vegetation (61%),
promote tree growth (58%), improve wildlife habitat (56%), and reduce likelihood of a wildfire
(55%) (Table 3.3).
Table 3.3

Primary objectives for implementing a fuel reduction treatment on forest land
owned by nonindustrial private forest (NIPF) landowners based on mail survey
conducted in Mississippi in 2016.

Primary objective
Percentage
Manage undesired vegetation
60.98
Promote tree growth
57.82
Improve wildlife habitat
56.41
Reduce likelihood of a wildfire
54.66
Reduce spread of insects and diseases
49.21
Improve forest appearance
32.51
Dispose of logging debris
26.19
Prepare site for replanting
25.66
Other
1.93
Percentages do not add up to 100% because landowners were allowed to select more than one
objective.
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Landowners considered various factors important when deciding whether to implement a
fuel reduction treatment or not. More than half indicated that potential liability due to the escape
of prescribed burn (57%) and fuel treatment cost (53%) were very important factors (Table 3.4).
Less than half of the landowners considered complaints from neighbors, difficulty of obtaining a
prescribed burn permit, and implementation of similar fuel treatments by neighbors as important
factors when considering implementation of a fuel reduction treatment.
Table 3.4

Importance of selected factors when deciding to implement a fuel reduction
treatment in the next five years according to nonindustrial private forest
landowners based on mail survey conducted in 2016.
Factor

Very
important

Important Moderately
important

Of little
importance

Unimportant

Potential liability due to
escape of prescribed
burn fire
57.14
19.56
9.01
4.40
9.89
Fuel treatment cost
53.22
19.74
11.80
4.94
10.30
Lack of needed
equipment
43.64
26.10
11.18
5.70
13.38
Lack of experience
41.85
24.45
13.22
7.05
13.44
Lack of technical
assistance
39.03
23.33
15.24
7.85
14.55
Smoke causing a
vehicular accident or
making someone sick
38.85
20.53
16.78
10.15
13.69
Complaints from
neighbors
25.72
23.73
21.73
12.64
16.19
Difficulty of obtaining a
prescribed burn permit
24.54
23.61
22.92
11.34
17.59
Implementation of
similar fuel treatments
by neighboring
landowners
18.86
25.68
26.36
11.82
17.27
Percentages do not add up to 100% because landowners were allowed to select more than one
factor.
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3.4.3

Forest types owned and interest in implementing fuel reduction treatments
The average area of forest types owned by NIPF landowners are listed in Table 3.5. The

largest forest type owned by landowners was pine plantations (195 acres), followed by
bottomland hardwoods (77 acres), and natural mixed pine hardwoods (72 acres). Landowners
were interested in implementing fuel reduction treatments on 74% of pine plantations owned.
Similarly, they were interested in treating 61% of natural pine, 46 % of natural mixed pinehardwoods, 30% of natural hardwoods, and 22% of bottomland hardwoods stands (Table 3.5).
Table 3.5

Types and area owned by nonindustrial private forest (NIPF) landowners and their
interest in implementing fuel reduction treatments based on mail a survey
conducted in Mississippi in 2016.
Forest type

Pine plantation
Bottomland hardwoods
Natural pine
Natural hardwoods
Natural mixed pine-hardwood
3.4.4

Total area owned
(ac)
Mean
195.46
76.58
57.79
52.74
72.21

SD
535.94
191.09
126.08
90.79
93.19

Area landowners were interested in
treating for hazardous fuels
(ac)
Mean
SD
144.76
365.89
16.76
48.93
35.34
72.90
16.04
40.32
33.37
64.51

Factors affecting likelihood of fuel reduction treatments in the next five years
The likelihood of implementing a fuel reduction treatment in the next five years was

associated with various factors (Table 3.6). NEIGHBOR was associated with a likelihood of fuel
treatment implementation at a 1% significance level. A landowner who would get motivated by
the neighbor’s implementation of fuel reduction treatments was 27.84% more likely to
implement a treatment than a landowner who would not be motivated by these actions. FRT,
EXPERIENCE, FAMILIARITY, ECOLOGICAL SERVICES, and AREA were associated with
likelihood of implementing a fuel reduction treatment at a 5% significance level. A landowner
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who implemented a fuel reduction treatment in the past was 15.51% more likely to implement
one in the next five years than a landowner who had not implemented a treatment in the past.
Similarly, a landowner who had experienced wildfire damages was 15.63% more likely to
implement a treatment than a landowner who had not experienced wildfire damages. A
landowner who was familiar with wildfire mitigation and prevention programs was 15.93% more
likely to implement a treatment in the next five years than landowner who was not familiar with
such programs. A landowner who owned a forest primarily for ecological values, wildlife habitat
improvement, and personal recreation was 22.93% more likely to implement a treatment than
landowner who did not own forest primarily for amenity purposes. With an increase in the area
of forest land owned by one acre, the probability that a landowner will implement a treatment
increased by 7.97%.
C_PROP and WHP were associated with likelihood of implementing a fuel reduction
treatment at a 10% significance level. A landowner who was concerned about property damages
due to wildfires was 20.75% more likely to implement a fuel reduction treatment than a
landowner who was not concerned about this issue. Similarly, an increase of WHP in the
landowner’s forest location by 1 unit was associated with the fuel reduction treatment likelihood
increase of 0.05%.
Estimates of binary logistic regression in which geospatial variables were not included
(Model B) are also listed in Table 3.6. In this model, FRT, NEIGHBOR, and FAMILIARITY
were associated with the likelihood of implementing a fuel reduction treatment at a 1%
significance level. EXPERIENCE and MGMTPLAN were associated with the likelihood of
implementing a fuel reduction treatment at a 5% significance level. Similarly, AREA and AGE
were associated with likelihood of implementing a fuel reduction treatment at a 10% significance
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level. Landowners, who had implemented a fuel reduction treatment in the past, would be
motivated by a neighbor’s wildfire mitigation activities, and were familiar with wildfire
prevention and mitigation programs, were 15.58%, 27.99%, and 16.49% more likely to
implement a fuel reduction treatment. A landowner who had experienced wildfires in the past
and/or possessed a written forest management plan was 13.47% and 19.13%, respectively more
likely to implement a fuel reduction treatment than a landowner who did not experience wildfires
and did not possess a written management plan. Area of forest land owned was also positively
associated with landowner likelihood to implement a fuel reduction treatment where one-acre
increase was associated with 0.03% increase in the likelihood that a landowner will implement a
fuel reduction treatment. However, landowner age was negatively associated, and older
landowners were less likely to implement a fuel reduction treatment. A one-year increase in
landowner’s age decreased the likelihood of fuel reduction treatment by 0.42%.
Table 3.6

Estimates from binary logistic regression models used to determine the likelihood
that a nonindustrial private forest (NIPF) landowner will implement a fuel
reduction treatment in the next five years based on a mail survey conducted in
Mississippi in 2016.

LIKELIHOOD

Coefficient

Constant
FRT
NEIGHBOR
C_PROP
C_SMOKE
EXPERIENCE
FAMILIARITY
MGMTPLAN
FORESTRY
FINANCIAL
AMENITY
AREA

-8.0156***
1.0797**
1.9376***
1.4440*
0.2076
1.0876**
1.1091**
0.7751
0.1653
1.1488
1.5962**
0.0022**

Model A
Marginal
Effect

Standard
Error

0.1551
0.2784
0.2075
0.0298
0.1563
0.1593
0.1114
0.0238
0.1650
0.2293
0.0003

0.0597
0.0619
0.1121
0.0671
0.0603
0.0582
0.0850
0.0925
0.2023
0.1038
0.0001
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Coefficient
-3.6016*
0.9638***
1.7309***
0.4777
0.1025
0.8332**
1.0201***
1.1850**
0.0499
1.0418
0.8177
0.0012*

Model B
Marginal
Effect
0.1558
0.2799
0.0772
0.0166
0.1347
0.1649
0.1916
0.0081
0.1685
0.1322
0.0002

Standard
Error
0.0539
0.0530
0.0928
0.0596
0.0543
0.0516
0.0765
0.0826
0.2007
0.0868
0.0001

Table 3.6 (continued)

LIKELIHOOD
RESIDENCE
GENDER
INCOME
AGE
EDUCATION
WFNUM
WHP
FOREST
PINE
URBAN
PUBLIC
WFSIZE
n
Log likelihood
LR Chi-square
AIC

Model A
Coefficient
Marginal
Effect
0.4103
0.0590
0.7636
0.1097
-0.4428
-0.0636
-0.0162
-0.0023
-0.1516
-0.0218
-0.0022
-0.0003
0.0033*
0.0005
0.0033
0.0005
0.0256
0.0037
0.0264
0.0038
-0.0168
-0.0024
0.0001
0.0007
203
-89.3160
102.3865***
226.6321

Standard
Error
0.0709
0.0812
0.0658
0.0026
0.0607
0.0002
0.0003
0.0028
0.0041
0.0090
0.0022
0.0419

Model B
Coefficient Marginal
Effect
0.3487
0.0564
0.5086
0.0822
-0.4617
-0.0747
-0.0261*
-0.0042
-0.1295
-0.0209

n
Log likelihood
LR Chi-square
AIC

Standard
Error
0.0650
0.0755
0.0585
0.0023
0.0540

259
-126.5960
105.5454***
287.1920

***p < 0.01, ** p < 0.05, * p < 0.1
3.4.5

Accuracy of model prediction
The accuracy of prediction for Model A and Model B is summarized in Table 3.7. Of 97

landowners who indicated they will implement a fuel reduction treatment in the next five years,
Model A correctly predicted 75 of them. Thus, the accuracy of predicting the likelihood of fuel
reduction treatment implementation in the next five years by a NIPF landowner was 77.32%.
Similarly, Model B’s accuracy for predicting the likelihood of implementing a fuel reduction
treatment was 73.60%. Out of 125 landowners who indicated that they will implement fuel
reduction treatment, 92 were correctly predicted. Moreover, Model A’s accuracy of predicting
landowners who will not implement a fuel reduction treatment in next five years was 78.30%,
whereas for Model B, it was 76.11%.
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Table 3.7

Predictive accuracy of two models in predicting probability that a nonindustrial
private forest (NIPF) landowner will implement fuel reduction treatment in the
next five years based on a mail survey conducted in Mississippi in 2016.

Model A
Model B
Predicted
Predicted
0
1
Total
0
1
0
83
23
106
102
32
Actual
1
22
75
97
33
92
Total
105
98
203
135
124
0 – landowner was unlikely to implement a fuel reduction treatment in next five years.
1 – landowner was likely to implement a fuel reduction treatment in next five years.
3.5

Total
134
125
259

Discussion
Only 30% of NIPF landowners were likely to implement a fuel reduction treatment in the

next five years. The proportion was smaller than the percentage of landowners who had
implemented them in the past (45%). One of the potential reasons for this discrepancy might be a
time period between two successive fuel reduction treatments implemented by landowners found
in Chapter 1. In Chapter 1, most landowners (74%) who had implemented prescribed burning
were likely to implement another treatment in the next five years, with the average
implementation frequency of prescribed burning being 4 years. However, the time interval
between mechanical and chemical vegetation control fuel treatments was 6 and 7 years,
respectively. The average implementation frequency greater than five years for mechanical and
chemical vegetation control could have resulted in a lower percent of landowners indicating that
they would be implementing a fuel reduction treatment in the next five years. There are several
other potential reasons related to the lower probability of fuel reduction treatment
implementation in the next five years. These might include factors that landowners considered
important when deciding whether to implement a fuel reduction treatment. For example,
potential liability due to the escape of a prescribed burn (Melvin, 2018), fuel treatment costs
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(Rummer, 2008; Melvin, 2018), and the lack of needed equipment, experience and technical
assistance (Haines et al., 2001; Melvin, 2018) were found to discourage implementation. These
factors were also considered important when deciding to implement a treatment in this study.
Thus, probable lack of knowledge about short-term effectiveness of fuel treatments and technical
difficulties related to fuel treatment implementation have discouraged frequent implementations.
Educating landowners about regular implementation of fuel reduction treatments to maintain
wildfire mitigation effectiveness by using demonstrations illustrating effects of fuel treatments
(photos, videos, and interviews with forest landowners) from the sites where fuel treatments are
regularly done are needed. Assisting landowners in implementing treatments such as obtaining or
renting equipment is also important in addition to the knowledge of importance and procedure of
management activities to encourage more frequent implementation by landowners to reduce
wildfire hazard (Aguilar and Kelly, 2019).
Landowners who had implemented fuel reduction treatments in the past were more likely
to implement them in the next five years. These landowners might have realized the benefits of
implementing fuel treatments in reducing wildfire hazards along with achieving other forest
ownership objectives. For example, benefits of prescribed burning such as site preparation and
wildlife habitat management have been recognized by landowners (Haines et al., 2001; Waldrop
and Goodrick, 2012). Furthermore, mechanical vegetation control also helps to offset some of
the fuel reduction treatments cost by making raw materials available for mills or bioenergy
processing facilities (Reinhardt et al., 2008; Collins et al., 2010; Stephens et al., 2012b).
Landowners with previous experience in implementation of fuel reduction treatments will
continue to implement more in the future to achieve multiple benefits. These landowners can be
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encouraged to collaborate with each other to implement treatments on larger areas and share their
work to other landowners to encourage further implementation of treatments.
If a single forest type is considered, loblolly-shortleaf pine forests cover the largest
proportion in Mississippi (Oswalt, 2015a). These pine forests have higher susceptibility of
wildfire occurrences (Munn et al., 2003) than mixed forests (Carroll et al., 2004). Furthermore,
65% of pine forests in Mississippi are planted (Oswalt, 2015a). Landowners owning pine
plantations were willing to supply logging residues or small non-marketable trees for bioenergy
production (Joshi et al., 2013) and to reduce fire risk (Hodges et al., 2019). In this study, more
than 61% of landowners indicated an interest in implementing fuel reduction treatments in pine
forests. Therefore, planning fuel reduction treatments in pine forests can capture this interest of
landowners as well as recover some treatment cost to achieve reduction of wildfire hazard in
pine forests.
The wildfire risk on a landowner’s property is affected by the fuel conditions on his/her
land as well as those of the neighboring property (Canadas et al., 2016). Results indicated that if
a landowner’s neighbor would implement a fuel reduction treatment, this would motivate
her/him to implement treatments on her/his own land. This result is consistent with Schulte and
Miller (2010) who found that implementation of wildfire mitigation activities on neighboring
lands influenced mitigation efforts of homeowners in the WUI. Additionally, Jacobson et al.
(2005) found that landowners were willing to implement joint management activities in
cooperation with other landowners. However, Fischer and Charnley (2012) found that some
landowners conducted fuel reduction treatments and created fire breaks because their neighbors
did not implement any of such prescriptions. They also found that the majority of landowners
were willing to cooperate with their neighbors in the future to implement wildfire mitigation
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activities. A third party facilitator such as landowner associations, extension programs,
conservation organizations, and government agencies (Kittredge, 2005; Meadows et al., 2013)
involvement in increasing collaboration in implementing fuel reduction activities would
encourage landowner participation (Fischer and Charnley, 2012) to treat larger areas at a reduced
costs to each landowner.
Landowners who experienced property damage due to wildfires and/or experienced
health issues and/or vehicular accidents due to smoke from a wildfire were more likely to
implement fuel reduction treatments in the next five years than the landowners who had not
experienced such adverse effects of wildfires. This finding was consistent with Gan et al. (2015)
and Jarrett et al. (2009) who found that landowners who experienced wildfires on their lands and
lost property were more likely to implement adaptive, mitigative or both measures than those
who did not experience any losses due to wildfires. Similarly, a positive association between
concerns about property damages due to wildfires and the likelihood of fuel reduction treatment
implementation was found in this study, which is consistent with other studies that found
significant relationship between fuel reduction treatments and concern about wildfire risk (Jarrett
et al., 2009; Fischer, 2011; Wyman et al., 2012; Fischer et al., 2014; Gan et al., 2015). The
concern over damages due to wildfire was an important factor influencing landowners’ decisions
to implement fuel reduction treatments. These findings suggest that programs that focuses on
protecting property from wildfires can attract more landowners in implementing fuel reduction
treatments. Furthermore, landowners who were familiar with wildfire prevention and mitigation
programs were more likely to implement treatments than those who were unfamiliar. Familiarity
of such programs means that landowners were more aware of benefits associated with wildfire
mitigation and knew where they can obtain technical and financial assistance to implement fuel
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reduction treatments (Jarrett et al., 2009). However, more than half of landowners were still
unaware of any programs that provided information on fuel treatments or related assistance.
Thus, increasing the marketing of such programs through mailing flyers and pamphlets, TV
advertisements, and landowner networks will help inform landowners of wildfire hazard as well
as available resources and assistance and thus could increase landowner participation in fuel
reduction treatment implementation.
The most common forest ownership objectives reported by landowners included wildlife
habitat and personal recreation. Landowners who owned a forest land primarily for wildlife
habitat maintenance and personal recreation were more likely to implement a fuel reduction
treatment in the next five years than landowners who owned forests for other purposes. This
result is consistent with Fischer (2011) and Amacher et al. (2005) who also found that
landowners who assigned a greater importance to wildlife values, recreation, and scenic beauty
than timber production were more likely to implement fuel reduction treatments. In this study,
timber production objectives were not associated with the likelihood of implementing fuel
reduction treatments. This result is consistent with Gan et al. (2015) who also did not find any
association with having a timber production goal and implementation of fuel reduction
treatments and concluded that landowners with timber production ownership objectives
implement other management activities which can also reduce the risk. Thus, providing
assistance to landowners, who own forest primarily for wildfire habitat maintenance and
personal recreation, can lead not only to improved wildlife habitat management but also provide
wildfire hazard reduction benefits.
Area of forest land owned by landowners and likelihood of implementation of fuel
reduction treatments were positively associated. The area of a forest tract has been identified as
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an important predictor of implementing various forest management activities such as harvesting,
thinning, herbicide application, and other activities (Joshi and Arano, 2009; Floress et al., 2018).
The area of forest tract also affects the cost of implementing activities, and usually, costs per unit
area decrease with increasing forest parcel size due to a further division of fixed cost (Collins et
al., 2010). Prioritizing landowners with larger forest areas for fuel reduction treatments will help
agencies place treatments at a larger scale (continuous or strategic) with fewer landowners and
smaller financial commitment.
While the occurrence of wildfires is typically associated with various geospatial factors,
only WHP was associated with the likelihood of implementing fuel reduction treatments. This
might be because the study included variables representing average geospatial conditions at the
zip-code level rather than actual conditions on landowner’s property. Using average data for a
zip-code could have resulted in less precise representation of the actual conditions on a
landowner’s property and its surroundings. Nevertheless, association of WHP with the likelihood
of fuel reduction treatment implementation suggested that programs should be focused on areas
with higher wildfire hazard potential. This would help reduce hazardous fuels conditions in most
hazardous locations as well as get more support from the landowners. Furthermore, addition of
geospatial factors in the model did improve the predictive accuracy for the likelihood of fuel
reduction treatment implementation. Both AIC value and the absolute value of the log likelihood
decreased indicating that the model with geospatial variables (Model A) was a better fit
compared to the model without geospatial variables (Model B).
One of the limitations of this study is that the information on type and time of last
implementation of fuel reduction treatments by landowners was not obtained. The timing of the
last implemented fuel treatment and its type might have led to better understanding of the factors
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contributing for the lower numbers of landowners planning to implement a fuel reduction
treatment in the next five years. Future research should collect information about the last
treatment implemented, the timing of implementation, and the type of fuel treatment
implemented. Another limitation was the lack of accurate location of landowner forest parcels.
Average estimates determined at the zip-code level were used in the analysis instead. Future
research should use precise locations of forest parcels to better estimate impact of geospatial
components on fuel reduction treatment implementation. Conducting similar studies regularly
will help better understand changing landowner attitudes towards wildfires, issues related to fuel
reduction treatments, effectiveness of treatments, and whether or not they are improving their
ownership objectives.
3.6

Conclusions
This study determined the likelihood that a NIPF landowner will implement a fuel

reduction treatment in the next five years, and identified factors affecting this decision. The study
also identified the objectives for implementing fuel reduction treatments and factors landowners
considered important when deciding to implement such treatments. Such information will be
useful for forest managers because it helps better understand landowner interests in and concerns
about fuel reduction treatment implementation and develop programs that better address these
interests and concerns to improve a continued participation of landowners in fuel reduction
treatments.
In Mississippi, many landowners were not sure if they would be interested in reducing
the accumulation of hazardous fuels in the next five years. Despite this, there is a possibility for
increasing the implementation of fuel reduction treatments. Providing needed assistance, such as
helping prepare prescribed burn plans, and obtaining information on fuel treatment procedures
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and equipment, can encourage landowners to implement fuel reduction treatments. Furthermore,
prioritizing areas with higher wildfire hazard potential, pine stands, and landowners with
relatively larger forest parcels will help increase the cost efficiency of wildfire mitigation
programs across the larger landscapes. In addition, landowners were often motivated by their
neighbor’s actions in terms of fuel reduction treatment implementation. Development of
programs in which professionals or landowners experienced with implementing fuel reduction
treatments acting as liaisons to facilitate collaboration among neighboring landowners will help
increase implementation of treatments across larger areas.
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CHAPTER IV
NONINDUSTRIAL PRIVATE FOREST LANDOWNER WILLINGNESS TO PAY FOR
PRESCRIBED BURNING
4.1

Abstract
With an increasing cost of wildfire risk management, information on nonindustrial

private forest (NIPF) landowner monetary values related to reduced wildfire risk benefits
obtained from hazardous fuel management is crucial for developing effective wildfire mitigation
budgets and cost-share programs. This study determined NIPF landowners’ willingness to pay
(WTP) for implementing a prescribed burning on their forest land to lower wildfire hazard using
a contingent valuation method (CVM). The mean WTP was $41.39 per acre and ranged from
$14.70 to $66.86 per acre. Only 26% of landowners were willing to pay for prescribed burn
implementation. Concerns about liability issues due to escaped prescribed fire and high payment
amount for implementing the burning were found to be major barriers. Landowners tolerance for
smoke from prescribed burning, consideration of liability as an important factor, concern about
property damages due to wildfires, and education level were positively related with WTP.
Resource allocation to programs providing technical assistance and information on prescribed
burning implementation to landowners need to be prioritized to increase implementation of
prescribed burning on NIPF lands.
Keywords: binary logistic regression, geospatial components, marginal effect, nonmarket
valuation
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4.2

Introduction
Approximately, 70% of total prescribed burning in the U.S. has been implemented in the

southeastern region of the U.S. to meet various forest management objectives including
reduction of accumulated hazardous forest fuels considered as one of the primary causes of
wildfire occurrences (Waldrop and Goodrick, 2012; Moritz et al., 2014; Melvin, 2015).
Prescribed burning can reduce the probability of catastrophic wildfires, reduce their severity, and
facilitate low-intensity fire to restore fire-dependent ecosystems (Brockway et al., 2005; Finney
et al., 2005; Kobziar et al., 2009; Liu et al., 2014; Petrakis et al., 2018). In addition, prescribed
burning helps reduce the concentration of carbon dioxide (CO2) in the atmosphere as CO2
emissions from prescribed burnings are smaller than from wildfires (Wiedinmyer and Hurteau,
2010). Besides wildfire hazard reduction, prescribed burning helps facilitate wildlife habitat
management, tree growth improvement, and forest restoration (Waldrop and Goodrick, 2012;
Kobziar et al., 2015). Thus, it is an important forest management activity implemented in the
southeastern U.S. forests to address multiple forest management objectives, minimize the
likelihood of wildfire occurrences, and mitigate their potential adverse impacts (Liu et al., 2014;
Melvin, 2015).
In the southeastern U.S., where 58% forest lands that produce raw materials for forest
product industries and provide environmental services such as clean air and water, wildlife
habitat and recreation, are owned by NIPF landowners (Butler and Wear, 2013; Melvin, 2015;
Butler et al., 2016). Therefore, implementation of fuel reduction treatments including prescribed
burning by landowners on their forest lands is important to reduce the quantity and break up the
continuity of hazardous fuels over large landscapes (Ager et al., 2012). However, the prescribed
burning implementation rate has been declining and target quotas for many areas to be burnt to
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achieve various forest management objectives have not been met on private forest lands (Haines
et al., 2001; Kobziar et al., 2015), despite the supportive law and programs such as prescribed
fire councils and state certified prescribed burn manager courses (Sun and Tolver, 2012b;
Melvin, 2015). The implementation has been limited by various factors such as the lack of
adequate technical capacity (i.e., personnel and equipment), lack of funds, potential liability,
concern about smoke-related issues, public acceptance, and increasing urbanization (Haines et
al., 2001; Liu et al., 2014; Kobziar et al., 2015; Melvin, 2015). Identifying limitations that are
more prominent at the regional level will help develop new wildfire programs and coordinate
wildfire prevention efforts to overcome those limitations by facilitating the use of prescribed
burn for wildfire hazard reduction and other forest management objectives.
One of the constraints of prescribed burning is the cost of its implementation. Maggard
and Barlow (2017) estimated the average cost of implementing prescribed burning in the
southeastern U.S. to be $26.63 per acre. To offset some of the costs incurred by landowners,
cost-share programs have been developed to provide financial incentives to landowners to
implement prescribed burns. However, the cost of wildfire management has been increasing,
putting pressure on limited budgets of state forestry agencies and limiting availability of funds
for other areas of forest management (Calkin et al., 2015). Therefore, estimating the value of
reduced wildfire hazard benefits obtained from implementation of prescribed burning by NIPF
landowners is important for developing efficient cost-share programs and freeing more funds for
other forest management activities (Loomis et al., 2009).
Reduced wildfire hazard benefits obtained from prescribed burning are not limited only
to the landowner who implements it but also extend to neighboring landowners. Therefore,
benefits obtained from reduced wildfire risk due to more effective wildfire prevention are public
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goods, that are non-excludable and non-rival, and which do not have market values (Busby and
Albers, 2010; Canadas et al., 2016). Hence, there is a need to estimate a monetary value of the
reduced wildfire hazard from implementing prescribed burning and compare it with the costs of
implementing this prescription. CVM has been used in several studies to quantify WTP for
implementing fuel reduction treatments allowing researchers to estimate the value of reduced
wildfire hazard in monetary terms (Fried et al., 1999; Talberth et al., 2006; Kaval et al., 2007;
Walker et al., 2007; Loomis et al., 2009; Loomis and González-Cabán, 2010; Meldrum et al.,
2014). Winter and Fried (2001) used CVM to estimate the value of reduced wildfire hazard from
fuel reduction treatments in the wildland-urban interface (WUI) in Michigan. They estimated
that residents were willing to pay $57 annually to reduce wildfire risk. Similarly, Loomis et al.
(2002) found that English and Spanish speaking Florida residents were willing to pay $557 and
$382 annually for prescribed burn, respectively. Walker et al. (2007) estimated that residents of
WUI in Colorado were willing to pay $140 to $213 annually for implementing prescribed
burning. Similarly, Loomis and González-Cabán (2010) estimated WTP for prescribed burning
among white and Hispanic populations in Florida, California, and Montana and their WTP
estimates ranged from $323 to $838 per year. Hence, the CVM can be used to estimate WTP for
prescribed burning and quantify the value of reduced wildfire hazard in the southern U.S. and
will help facilitate benefit-to-cost analyses of prescribed burning as a fuel management
prescription.
This study fills gaps in the literature by providing a monetary estimates of reduced
wildfire hazard benefits due to prescribed burning implemented on NIPF lands in Mississippi. In
Mississippi, approximately, 4,000 wildfires occur annually with an average size of twelve acres.
These wildfires are not as intense and severe as wildfires in the western U.S. (Cooke et al.,
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2007), but they cause damage to trees and pose threats to humans, property, and infrastructure
(Maingi and Henry, 2007; Syphard et al., 2012). Therefore, prescribed burning is widely
implemented to reduce the quantity of hazardous fuels as well as to meet other forest
management objectives such as wildlife habitat improvement (Figure 4.1). Determining the WTP
of landowners for implementing prescribed burning provides information that will facilitate more
effective financial incentive programs for landowners through cost-share payments. Despite laws
facilitating prescribed burning and certified burn manager program/courses in the state (Yoder et
al., 2004; Melvin, 2015), the total prescribed burn area has been decreasing which can result in a
greater accumulation of hazardous fuel and increase wildfire occurrence (Kobziar et al. 2015).
Therefore, the study also determined if NIPF landowners supported prescribed burning,
identified reasons for landowner unwillingness to implement prescribed burning on their land,
and identified factors influencing landowner willingness to pay for implementing prescribed
burning. This study will be helpful to forest managers and policy makers, allowing them to better
understand landowner attitudes and support towards prescribed burning for efficient budgeting
(Loomis et al., 2009), identifying priority treatment areas, and developing assistance programs
for NIPF landowners considering implementation of prescribed burning (Talberth et al., 2006).

88

Figure 4.1

Total number of prescribed burns implemented for forestry purposes in Mississippi
from 2011 to 2016.

Source: Mississippi Forestry Commission
4.3
4.3.1

Methods
Study area
This study was conducted in Mississippi, a southeastern state where forests cover 65% of

total land area and NIPF landowners own approximately 77% of forest land (Oswalt, 2015;
Mississippi Forestry Commission, 2018). The dominant individual forest types in Mississippi
include loblolly-shortleaf pine (38.6%), followed by oak-hickory (25.3%), oak-gum-cypress
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(12.9%), and oak-pine (10.3%) (Oswalt, 2015). Forest land provides numerous ecosystem
services as well as contributes to the state’s economy. Mississippi has a lengthy and a warm
growing season in which fuels rapidly accumulate and drought conditions in late summer and fall
increase the likelihood of wildfire occurrence (Schultz, 1997; Stanturf et al., 2002; Grala and
Cooke, 2010). Based on data collected from MFC, on an average, 3,785 prescribed burns were
implemented for forestry purposes every year during 2011-2016 with an average treatment area
of 110 acres (Figure 4.1). Most of the prescribed burning (71%) was implemented for wildfire
hazard reduction, disease and undesirable species control, site preparation, and wildlife habitat
management.
4.3.2

Data collection
A sample of 2,000 NIPF landowners who owned at least 40 acres of forest land in

Mississippi were randomly selected based on tax records. In 2016, following the Tailored
Designed Method (Dillman et al., 2014), a mail survey was sent to these landowners to collect
information about: a) landowner concern about wildfires; b) their tolerance to smoke from
prescribed burning implemented for various forest management purposes, c) their concern about
liability due to escape of prescribed fire; and e) landowner socioeconomic characteristics.
The CVM was used to quantify WTP for implementing prescribed burning. A
hypothetical scenario for implementing prescribed burning on landowner’s forest parcel was
incorporated into the questionnaire. Landowners were asked if they would pay a randomly
assigned dollar amount ($A per acre) for prescribed burn implementation to reduce wildfire
hazard on their forest parcel. Ten payment levels of USD payment amounts were used: $1, $2,
$4, $8, $16, $32, $64, $128, $256, and $512. Payment amounts were determined based on the
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literature and in consultation with experts in the Department of Forestry at Mississippi State
University.
The hypothetical scenario presented to landowners was as follows:
“Assume that you own a 40-acre tract of loblolly pine managed for timber and located in
the county where you own your largest forest tract. The stand is currently 20 years old and a
scheduled harvest age is 35 years. You have hired a local consulting forester to develop a
management plan for this stand. One of plan prescribed treatments includes a fuel reduction
treatment to reduce a load of hazardous fuels and reduce wildfire hazards on this loblolly pine
tract.
The consulting forester offered to implement a prescribed burn on your 40-acre loblolly
pine tract for a one-time payment. Under the offer agreement, the consulting forester will
perform the following in exchange for the per acre fee: develop a written prescribed burn plan
for your tract, obtain a prescribed burn permit, rent a needed equipment, hire required labor,
hire a certified prescribed burn manager to supervise the burn, and implement the burn on your
property. The fee is for implementing a prescribed burn on your 40-acre loblolly pine tract and
there are no other expenses to you related to implementation of this burn.
4.3.3

Econometric model to determine willingness to pay
A random utility model (RUM) was used to analyze the choice that a landowner makes

with regard to whether or not to pay for implementing the prescribed burn on her/his forest land
to lower wildfire hazard. The indirect utility (Uij) of a landowner j is given by (Haab and
McConnell, 2002):
Uij = ui (yj , xj , ϵij )
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(4.1)

where, i is equal to 1 if a landowner was willing to implement a prescribed burn at a given
payment amount and 0 if not (status quo), yj is household income, xj is the vector of landowner’s
attitudinal, socioeconomic, and geospatial predictor variables, and ϵij is the error term.
A landowner is willing to implement a prescribed burning at a specified payment amount
(aj) if the utility (𝑢1 ) associated with implementing the prescribed burning minus the payment
amount for implementing prescribed burn (aj) is greater than the utility of the status-quo (𝑢0 )
where the landowner does not implement prescribed burning:
u1 (yj -aj , xj , ϵij ) >u0 (yj , xj , ϵij )

(4.2)

The probability that a landowner derives a greater utility by paying the requested
monetary amount to implement the prescribed burning on her/his forest property is given by:
Pr(yesj ) = Pr [u1 (yj -aj , xj , ϵij ) >u0 (yj , xj , ϵij )]

(4.3)

The assumption for utility u is that it is additive in deterministic and stochastic components:
Ui = ui (yj , xj , ϵij ) =vi (yj , xj ) +ϵij

(4.4)

Using equation 4.4, equation 4.3 can be written as:
𝑃𝑟(𝑦𝑒𝑠𝑗 ) = 𝑃𝑟[𝑣1 (𝑦𝑗 − 𝑎𝑗 , 𝑥𝑗 ) + 𝜖1𝑗 > 𝑣0 (𝑦𝑗 , 𝑥𝑗 ) + 𝜖0𝑗 ]

(4.5)

The deterministic component of equation 4.5, 𝑣𝑖 (𝑦𝑗 , 𝑥𝑗 ), is assumed to be a linear utility function
for a parametric estimation. It is the simplest and most commonly used form and can be written
as:
vi (yj , xj ) = vij (yj ) = αj xj + β(yj )
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(4.6)

where αi is vector of coefficients of predictor variables representing landowner attitudes towards
wildfires, experience with wildfires, previous implementation of prescribed burning, and their
socioeconomics characteristics; and β is a coefficient of income variable.
The deterministic part when a landowner chooses to pay for prescribed burning was
expressed by:
v1j (yj -aj ) = α1 xj + β(yj -tj )

(4.7)

While, under the status quo, the deterministic part was specified as:
v0j (yj ) = α0 xj + βyj

(4.8)

The values of equation 4.7 and 4.8 were substituted in the equation 4.5, and a constant
marginal utility of income between two states was assumed. Then, the probability that a
landowner would be willing to implement prescribed burning on her/his land at an offered
payment amount can be specified as (Hanemann, 1984):
(4.9)

𝑃𝑟(𝑦𝑒𝑠𝑗 ) = 𝛼𝑗 𝑥𝑗 − 𝛽𝑎𝑗 + 𝜖𝑗 𝑠
Assuming that the error has a logistic distribution, a binary logistic regression model was
constructed to quantify landowner’s WTP for implementing prescribed burning:
Logit(P(Yi =1)) = Pi = βXi +ϵi

(4.10)

or
P̂i =

exp(X'i β)

(4.11)
1+ exp(X'i β)
where (𝑃(𝑌𝑖 = 1)) is the probability that a landowner will be willing to implement a prescribed
burn at an offered payment level and (𝑃(𝑌𝑖 = 0)) is the probability that a landowner is not
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willing to implement a prescribed burn, β is the vector of coefficients associated with X
(predictor variables), and 𝜖𝑖 is the random error.
The coefficients from the binary logistic regression inform the direction of impact of
independent variables on WTP. However, they cannot be directly interpreted to determine the
probability that a landowner will implement a prescribed burning. Therefore, these coefficients
were expressed as marginal effects to facilitate interpretation. A marginal effect determines the
change in probability of willingness to pay 𝑃𝑖 for implementing prescribed burning when there is
a unit change in the value of the predictor variable 𝑋𝑖 (Greene 2008):
∂P̂i

exp(X'i β)

=
(4.12)
∂X'i [1+ exp(X'i β)]2
Stata SE15 was used to determine the mean/median WTP and 95% confidence intervals
using Krinsky and Robb (1986) method. In this method, an asymptotic distribution of derived
WTPs is simulated based on the asymptotic properties of maximum likelihood parameter
estimates (Haab and McConnell, 2002). From a binary logistic regression, the estimates (𝛽̂ ) and
variance covariance matrix (𝑉̂ ( 𝛽̂ )) were obtained. Then, a Cholesky decomposition matrix was
derived:

̂ (β̂ )
CC' =V

(4.13)

A vector matrix (XK ) was randomly drawn from a standard normal distribution with k
independent elements to determine the asymptotic distribution of estimates βz which are given
by:
βz =β̂ +C' XK
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(4.14)

This process was repeated 10,000 times. Each time, WTP was estimated using the equation 4.15
(Hanemann, 1984) creating an asymptotic distribution of 10,000 WTPs. From this distribution,
mean/median WTP and its 95% confidence interval were determined. The mean WTP represents
the amount of money per acre that a NIPF landowner would be willing to pay for implementing
prescribed burning on her/his land.
𝛽1 µ1 + 𝛽2 µ2 +. . . +𝛽𝑘 µ𝑘 + 𝛽0
(4.15)
𝛽𝑐
where, β0 is the intercept, β1… βn are the coefficients of predictor variables of WTP, and βc is the
̅̅̅̅̅̅̅
𝑊𝑇𝑃 =

coefficient of the proposed payment amount (aj).
4.3.4

Variable description
Independent variables used to estimate the WTP value for implementing prescribed

burning by NIPF landowners are described in Table 4.1. Landowners whose responses to the
WTP question was “unsure” were removed from further analysis. Independent variables
represented landowner attitudes towards prescribed burning, concerns about wildfires, and their
socioeconomic characteristics.
Attitudes towards prescribed burning included TOLERANCE and LIABILITY.
Landowners were asked about their tolerance level for the smoke coming from various sources
such as lightning, fire ignited by an arsonist, prescribed burning for forest management,
prescribed burning ignited by land managers on public lands, prescribed burning ignited by land
managers on private lands, prescribed burning to achieve forest health objectives, prescribed
burning to achieve wildlife objectives, smoke from a fire that is allowed to burn itself out, and
smoke from a fire suppressed on one or more flanks (i.e. partially suppressed). Factor analysis
was performed to identify the smoke source that explained the most variance. Two groups of
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smoke source, from a fire ignited by arsonist and TOLERANCE, from management activities
such as prescribed burning on private and public lands to achieve forest health and wildlife
objectives, were identified as factors explaining most variance. The fire ignited by an arsonist
does not constitute a management prescription and thus it was not included in the model.
Tolerance of smoke from sources and management approaches were originally measured on a 5point Likert scale: 1 – very tolerant, 2 – tolerant, 3 – moderately tolerant, 4 – of little tolerance,
and 5 – intolerant. The Likert scale was then recoded into a binary variable with values below
mean coded as 1 (tolerant) and values above mean coded as 0 (intolerant). Importance of
potential liability due to escape of a prescribed burn fire (LIABILITY) were first measured on a
5-point Likert scale with 1 – very important, 2 – important, 3 – moderately important, 4 – of little
importance, and 5 – unimportant. The variable was later recoded into binary variable with values
below mean coded as 1 (important) and values above mean as 0 (unimportant).
Due to lack of information on exact location of a landowner’s forest land, an
approximation of geospatial variables for landowner’s largest forest parcel was attained using
their average estimates within the zip code in which the largest forest parcel was located. A
raster map representing land cover types in Mississippi was obtained from the National Land
Cover Database (Yang et al., 2018). Developed areas consisted of impervious surfaces and were
coded as urban areas. Urban areas within each zip-code was determined using spatial analyst in
ArcMap (Environmental Systems Research Institute, 2019). Then, the percentages of urban area
within the zip code (URBAN) was quantified by dividing the total urban area by a total land area
in each zip code.
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Table 4.1

Description of variables used in a binary logistic regression model to determine
nonindustrial private forest (NIPF) landowner’s willingness to pay for
implementing prescribed burning on her/his forest land based on a mail survey
conducted in Mississippi in 2016.

Variable
BID
TOLERANCEb
LIABILITYa

EXPERIENCE
C_PROPa
AGE
GENDER
EDUCATION
RESIDENCE
FORESTRY
AREA
PB
AMENITYa
URBAN

Description
Randomly selected bid amount that a landowner would need to
pay to have prescribed burning implemented on her/his forest
parcel.
Landowner tolerance of smoke coming from fire implemented for
forest management purposes. A binary variable: 1 if a landowner
was tolerant, 0 if not.
Landowner consideration of potential liability due to escape of
prescribed fire as an important factor when deciding to implement
prescribed burning. A binary variable: 1 if a landowner considered
it important, 0 if not.
Health issues or/and property damage in the family or
neighborhood due to a wildfire: 1 if a landowner experienced such
issues, 0 if not.
Concern about property damage due to wildfire. A binary variable:
1 if a landowner was concerned, 0 if not.
Landowner’s age (years).

Mean
109.526

Landowner’s gender. A binary variable: 1 if male, 0 if female.
Education level. A binary variable: 1 if a landowner reported
education level higher than some college education, 0 if
landowner had some college education or less.
Landowner residence within owned forest land. A binary variable:
1 if a landowner resided within her/his forest land, 0 if not.
Landowner’s affiliation with a forestry-related organization. A
binary variable: 1 if landowner was affiliated, 0 if not.
Forest land owned by a landowner (acres).
Implementation of prescribed burning in the past: 1 if prescribed
burning was implemented, 0 if not.
Amenity forest ownership objective. A binary variable: 1 if a
landowner reported ecological and wildlife-oriented and personal
recreation ownership as important objectives, 0 if not.
Percentage of total land area covered by urban areas.

0.809
0.803

a

0.731
0.790

0.328
0.889
64.249

0.200
0.111
230.549
0.216
0.895
6.031

Originally measured on a 5-point Likert scale: 1 – very important, 2 – important, 3 –
moderately important, 4 – of little importance, and 5 – unimportant. The Likert scale was then
recoded into a binary variable with values below mean coded as 1 (important) and values above
mean coded as 0 (unimportant).
b
Originally measured on a 5-point Likert scale: 1 – very tolerant, 2 – tolerant, 3 – moderately
tolerant, 4 – of little tolerance, and 5 – intolerant. The Likert scale was then recoded into a binary
variable with values below mean coded as 1 (tolerant) and values above mean coded as 0
(intolerant).
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4.4

Results
Of 2,000 mailed questionnaires, 569 usable surveys were received. The effective

response rate was 36% after accounting the non-eligible returns (respondents who did not own a
forest, landowners who were deceased or refused to participate, and non-deliverable
questionnaires). Of 569 usable questionnaires, 531 included responses to the contingent
valuation scenario. The survey sample socioeconomic characteristics were found to be consistent
with the National Woodland Owner Survey (NWOS) data (Butler et al., 2019) when compared in
terms of age, education level, gender, annual household income, and possession of a forest
management plan (Table 4.2). This suggested similarity between two samples and non-response
bias was not present (Armstrong and Overton, 1977). Other studies (e.g., Miller et al., 2012;
Kang et al., 2019) also have used similar approach to test for a non-response bias.
Table 4.2

Mean values and proportions for National Woodland Owner Survey (NWOS)
sample and sample of NIPF landowners included in mail survey conducted in
Mississippi in 2016.
Variable

Age
Male
Had at least a Bachelor’s degree
Had a written forest management plan
Annual household income
4.4.1

NWOS
64.50
82.14%
50.85%
18.33%
$86,057

Sample
67.35
77.16%
48.45%
14.59%
$82,709

Attitude towards prescribed burning
The majority of landowners were tolerant of smoke resulting from prescribed burning

implemented for various forest management purposes on public lands where 28% were “very
tolerant” and 39% were “tolerant”. Similarly, 30% of landowners were “very tolerant” and 38%
were “tolerant” of smoke from prescribed burning on private lands (Table 4.3). Most landowners
were “very tolerant” of smoke coming out of the prescribed burns implemented for forest
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management activities including forest health (35%) and wildlife habitat objectives (34%),
whereas most landowners (79%) were not “tolerant” and/or “little tolerant” of smoke coming out
of the fire ignited by an arsonist.
The majority of landowners (78%) considered liability due to escape of prescribed
burning as an important factor to be considered when deciding whether to implement prescribed
burning. Of 455 landowners, 57% of landowners considered it very important, 20% as important,
9% as moderately important, 4% as little important”, and 10% as unimportant factor when
making a decision to implement prescribed burning.
Table 4.3

Nonindustrial private forest (NIPF) landowner tolerance of smoke coming from
various sources and prescribed burning for various management practices based on
a mail survey conducted in Mississippi in 2016.

Smoke
Source/Management
Approach

Lightning

Tolerance level (%)
Very tolerant
(1)
28.17

Moderately
tolerant
(3)
19.44

Tolerant
(2)
35.71

Of little
tolerance
(4)
8.73

Intolerant
(5)
7.94

Mean
score
2.33

Fire ignited by an
arsonist

13.41

7.89

9.47

7.89

61.34

3.96

Prescribed burning
for management

33.86

35.84

20.99

4.75

4.55

2.10

Prescribed burning
ignited by land
managers on public
lands

27.63

39.11

21.98

6.23

5.06

2.22

Prescribed burning
ignited by land
managers on private
lands

30.35

38.13

20.43

6.81

4.28

2.17

Prescribed burning to
achieve forest health
objectives

35.01

38.30

17.79

5.22

3.68

2.04
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Table 4.3 (continued)
Smoke
Source/Management
Approach

Tolerance level (%)
Very tolerant
(1)

Tolerant
(2)

Moderately
tolerant
(3)

Of little
tolerance
(4)

Intolerant
(5)

Mean
score

Prescribed burn to
achieve wildlife
objectives

33.59

37.30

18.16

6.25

4.69

2.11

Smoke from a fire
that is allowed to
burn itself out

19.03

33.59

28.74

9.90

8.74

2.56

Smoke from a fire
supposed on one or
more flanks (i.e.
partially suppressed)

16.24

36.79

31.31

9.20

6.46

2.53

4.4.2

Willingness to pay for implementing prescribed burning
Only 26% of landowners were willing to implement a prescribed burning to reduce

wildfire hazards on their forest land at the offered payment levels, 43% were not willing to do so,
and 31% were unsure (Table 4.4). At the lower payment levels, percentage of landowners willing
to pay for implementing prescribed burning was higher than that at higher payment levels. For
example, when payment amount was $1, 55% of landowners agreed to pay, 13% denied, and
31% were unsure. However, when payment amount was $32, only 15% agreed to pay, 50%
denied, and 35% were unsure.
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Table 4.4

Nonindustrial private forest (NIPF) landowner willingness to pay for implementing
prescribed burning on her/his forest land to reduce wildfire hazard based on a mail
survey conducted in Mississippi in 2016.

Payment amount ($)
1
2
4
8
16
32
64
128
256
512
Total

Number of responses in each category
Yes votes
No votes
Unsure votes
Frequency

%

Frequency

%

Frequency

%

30
30
24
20
13
7
2
8
3
3
140

55.56
54.55
43.64
35.09
27.08
14.58
4.44
13.56
6.00
5.00
26.37

7
8
16
17
18
24
28
36
30
46
230

12.96
14.55
29.09
29.82
37.50
50.00
62.22
61.02
60.00
76.67
43.31

17
17
15
20
17
17
15
15
17
11
161

31.48
30.91
27.27
35.09
35.42
35.42
33.33
25.42
34.00
18.33
30.32

Total
responses
in a
category
54
55
55
57
48
48
45
59
50
60
531

Landowners were not willing to implement prescribed burning or were unsure about it for
various reasons (Table 4.5). The most common reason was a too high payment amount for
prescribed burning (40%) followed by a lack of interest in active fuel reduction management
(13%), and concerns about potential liability (11%). There were few landowners who thought
that the prescribed burn scenario was unrealistic (3%) and that a prescribed burn would not
decrease the likelihood of wildfire (4%).
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Table 4.5

Reasons for “no” and “unsure” responses related to nonindustrial private forest
(NIPF) landowner’s willingness to pay (WTP) for prescribed burning on her/his
land to reduce wildfire hazard based on a mail survey in Mississippi in 2016.
Reasons

High payment amount
Unrealistic program
Does not decrease likelihood of wildfire
Does not help achieve management objectives
No interest in active fuel reduction management
Concerned about potential liability
Other

Landowners who voted ‘no’
or ‘unsure’ (%)
40.41
3.07
3.84
6.14
12.53
10.74
11.51

BID, TOLERANCE, LIABILITY, C_PROP, and EDUCATION were significantly
associated with WTP for implementing prescribed burning (Table 4.6). A payment amount (BID)
was negatively associated with WTP (p < 0.01). The probability that a landowner will pay for
implementing a prescribed burn decreased by 0.2% for each one-dollar increase in the payment
amount. A landowner who was tolerant of smoke from a prescribed burn (TOLERANCE) was
12.5% more willing to pay to implement prescribed burning than a landowner who was
intolerant of smoke from prescribed burning (p < 0.1). Similarly, a landowner who considered
liability as an important consideration when deciding whether or not to implement prescribed
burning (LIABILITY) was 28.5% more willing to pay for implementation than a landowner who
thought that it was not an important consideration (p < 0.01). A landowner who was concerned
about property damage due to wildfires (C_PROP) was 17.7% more willing to pay for
implementation than a landowner who was not concerned about property damage (p < 0.1). A
landowner with at least a university level education (EDUCATION) was 10.1% more willing to
pay to implement prescribed burning than a landowner with a lower education level (p < 0.1).
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The mean/median WTP for implementing prescribed burning was $41.39 per acre with a
95% confidence interval from $14.70 to $66.86 per acre (Table 4.7). A null hypothesis that WTP
is less or equal to 0 was rejected (p < 0.1) (Table 4.7).
Table 4.6

Estimates from a binary logistic regression model used to determine willingness to
pay (WTP) of nonindustrial private forest (NIPF) landowner for implementing
prescribed burning to lower wildfire hazard based on a mail survey conducted in
Mississippi in 2016.

Variable

Coef.
BID
-0.0151***
TOLERANCE
0.8250*
LIABILITY
1.9048***
EXPERIENCE
0.3219
C_PROP
1.2015*
AGE
-0.0091
GENDER
0.3770
EDUCATION
0.6716
FORESTRY
0.3285*
AREA
0.0003
PB
-0.0226
AMENITY
-0.7754
RESIDENCE
0.0828
URBAN
0.0340
Constant
-2.3427
n
211
Log likelihood
-93.768
LR Chi-square
98.450***
*** p<0.01, ** p<0.05, * p<0.1

Table 4.7

Std. Err.
0.0030
0.4432
0.5198
0.3922
0.6491
0.0167
0.4962
0.3817
0.6160
0.0006
0.5208
0.6442
0.4376
0.0567
1.6174

Marginal effect
-0.0022
0.1226
0.2832
0.0479
0.1786
-0.0014
0.0560
0.0998
0.0488
0.0001
-0.0034
-0.1153
0.0123
0.0051

Std. Err.
0.0003
0.0637
0.0663
0.0579
0.0933
0.0025
0.0733
0.0550
0.0914
0.0001
0.0774
0.0946
0.0650
0.0084

Mean/median willingness to pay (WTP) and corresponding confidence interval
obtained using Krinsky and Robb method (10,000 repetitions) for implementing a
prescribed burn on nonindustrial private forest (NIPF) land in Mississippi to
reduce wildfire hazard based on a mail survey conducted in 2016.

Mean/median WTP (US$)
41.39

LB
14.70

UB
66.86
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ASL*
0.003

4.5

Discussion
This study determined NIPF landowner WTP for implementing prescribed burning on

their forest land and its association with attitudes towards prescribed burning, wildfire
experience, and landowner socioeconomic characteristics. The results provide baseline data on
landowner attitudes towards one of the fuel reduction treatments i.e., prescribed burning and
potential areas such as improving technical assistance programs and preparing guidelines for
proper implementation and monitoring of prescribed burning that should be prioritized to
encourage its implementation.
Landowners who were tolerant of smoke from the fire used for management purposes
were more willing to pay the given payment amount for implementing prescribed burning. Also,
majority of landowners were found to be tolerant of smoke due to prescribed burning, although
smoke is considered as one of the negative issues associated with prescribed burning because it
affects air quality (Liu et al., 2014), creates potential health issues (McCaffrey and Olsen, 2012;
Melvin, 2015), and can potentially lead to traffic accidents when implemented close to roadways
due to reduced visibility (Wade and Mobley, 2007; Stanturf and Goodrick, 2013). The long
history of using prescribed burning for forest management purposes in the southeastern U.S.
might be the reason for wide acceptance of this practice and smoke tolerance among NIPF
landowners (Brunson and Shindler, 2004; Melvin, 2015). Other studies also found that the source
of the smoke determined the level of smoke tolerance and smoke from prescribed burning
implemented for management purposes were more acceptable than smoke from other sources
(Weisshaupt et al., 2005; Olsen et al., 2014). McCaffrey and Olsen (2012) found that smoke was
not necessarily a barrier for implementing prescribed burning. for forest management. Therefore,
smoke from prescribed burn is not a major barrier for landowner WTP for implementing
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prescribed burning, and with proper smoke screening and planning before a burn, smoke-related
issues can be made more tolerable for landowners and the general public.
Landowners who considered potential liability due to the escape of prescribed fire as an
important factor were more willing to pay for implementing prescribed burning than landowners
who were not concerned with liability. It might seem counterintuitive because most landowners
in Mississippi considered the liability as one of the most important factors when deciding to
implement prescribed burning and this was one of the primary reasons for landowner
unwillingness and unsureness to pay for prescribed burning on their land. Also, other studies
have also found that liability related to escaped prescribed fire as a major barrier for its
implementation (Yoder et al., 2004; Liu et al., 2014; Kobziar et al., 2015; Melvin, 2015; Weir et
al., 2019). However, the prescribed burn permit was obtained, a prescribed burn plan was
prepared, and the prescribed burning was implemented under a certified prescribed burner’s
supervision in this study’s hypothetical scenario in which landowners were asked for their WTP
for implementing prescribed burning. These conditions might have made landowners more
willing to pay for implementing a prescribed burning by lowering the perceived risk for
prescribed fire escape and lower likelihood of liability. Also, Weir et al. (2019) found that
landowner perceived risk of an escape of prescribed fire was higher than the actual risk, although
most of the prescribed burns have been safely conducted and the actual risk associated with
prescribed burning was lower than the risk associated with wildfire suppression (Twidwell et al.,
2015). Furthermore, these conditions met the mandatory requirements needed to implement
prescribed burn as described by Mississippi Prescribed Burning Act of 1992 (Eshee and Savelle,
1993). In such a scenario, if the fire escapes, the burn manager acts to control the fire. When the
fire causes damages, despite attempts to control it, the landowner or burn manager will have
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limited liability for the damages (Eshee and Savelle, 1993). However, the extent of potential
liability is difficult to state with certainty because it can vary case by case especially when
negligence in not apparent (Sun, C. 2019. Personal communication; Eshee and Savelle, 1993).
Therefore, to account the issues related to liability due to escaped prescribed burning, agencies
like prescribed burn association can play vital role in communicating the actual risk associated
with prescribed burning and differentiating it from the risk that the forest land is exposed to
wildfire and other hazards resulting from not implementing it. Furthermore, perceived risk
liability can be addressed by assisting landowners in planning and implementing prescribed burn
and formulating detailed guidelines for monitoring the burnt area not only before the burning,
but also during and post burning.
Landowners who considered property damage due to wildfires as a major issue were
more likely to pay for implementing prescribed burning on their land than unconcerned
landowners in Mississippi. The concern about damages due to wildfires, including property
damages, has been found to have a positive association with the implementation of fuel reduction
treatments including prescribed burning (Jarrett et al., 2009; McFarlane et al., 2011; Fischer et
al., 2014). Moreover, the results also indicated that landowners who were affiliated with a
forestry organization were more willing to pay for prescribed burning in Mississippi. The reason
can be that these landowners were more concerned about wildfire damages as well as had access
to the skills and equipment for implementing fuel treatments (Fischer et al., 2014). Landowners
who are affiliated with forestry organizations can be key individuals to inform other landowners
about potential damages due to wildfires, advantages of prescribed burning, and
organizations/agencies that can assist in planning and implementing prescribed burning.
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The WTP for prescribed burning implementation by NIPF landowners was $41.39 per
acre. This dollar amount was higher than the average cost of implementing prescribed burning in
Mississippi ($17.52 per acre, determined in chapter 1) as well as in the entire southeastern U.S.
($26.63 per acre) (Maggard and Barlow, 2017). Although landowner WTP for implementing
prescribed burning was more than double the current cost for implementing it, the WTP estimate
was smaller compared to the those reported in previous studies. For example, WTP for
implementing prescribed burning ranged from $134 to $213 per year in California, Colorado,
Florida, and Montana (González-Cabán et al., 2007; Kaval et al., 2007; Walker et al., 2007;
Loomis et al., 2009). In these studies, more than half of respondents were willing to pay for
implementing prescribed burns, whereas in this study only 26.37% were willing to pay. The
higher WTP values in these states might be due to a higher wildfire risk than in Mississippi and
thus a greater landowner willingness to implement wildfire prevention measures to reduce the
risk. Moreover, the forest and wildfire management costs in the western U.S. are typically higher
than those in the southeastern U.S. which could have contributed to higher WTP estimates
(Calkin et al., 2015; Maggard and Barlow, 2017; Loomis et al., 2019). Thus, it seems that the
cost was not the major barrier in implementing prescribed burning in Mississippi. Therefore,
allocating more resources to technical assistance in implementing prescribed burning may be a
better approach to overcome barriers of prescribed burn. Other factors might have limited
landowner willingness to implement prescribed burning. For example, unsuitable weather
conditions that reduced the number of days (burn windows) during which prescribed burns can
be implemented might have lowered landowner willingness to implement this treatment. Haines
et al. (2001) and Kobziar et al. (2015) found that limited availability of suitable fire weather
days, especially in regard to their effect on smoke management and thus breathable air quality,
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was a primary barrier to reaching the desired levels and timing of prescribed burn activity in the
southern U.S. However, in some counties in Texas and Oklahoma, prescribed burning was
allowed when the weather conditions were not within allowable limits in order to achieve
targeted burn acreage (Twidwell et al., 2013). Allowing experienced burner managers to burn
outside of strict weather regulations and increasing the number of trainings for burner
certification would increase the number of available certified prescribed burn managers and help
achieve desired prescribed burn numbers despite limited weather windows.
This study contributes to the existing body of literature on prescribed burning and NIPF
landowner willingness to implement this fuel reduction treatment by providing WTP estimates of
lowering wildfire hazard through prescribed burning. WTP estimates are especially important in
the context of southeastern U.S. because most existing studies have focused on the western U.S.
and diverse groups of respondents, often other than NIPF landowners. Prescribed burning on
NIPF lands is important for reducing hazardous fuels and wildfire probability and severity, and
lowering potential damages to human lives and property. The estimated WTP values will be
helpful in developing cost-share programs, insurance policies, and prescribed burn trainings and
certification programs. Especially when state budgets have often been decreasing, the efficient
use of budget and securing landowner financial participation might help increase fund
availability for other forestry practices such as reforestation, forest road maintenance, recreation,
and other activities (Mississippi Forestry Commission, 2017; Mississippi Forestry Commission,
2018; United States Department of Agriculture, 2018; Mutandwa et al., 2019). In addition, this
study identified new factors related to attitudes towards prescribed burning (i.e., smoke tolerance
and liability) that influenced landowner willingness to implement prescribed burning to reduce
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wildfire hazard. This information helped recognize areas where more work is needed to make
landowners more willing to implement prescribed burn to reduce wildfire hazard.
This study has some limitations which should be considered in future research to improve
WTP estimates for wildfire hazard mitigation through implementation of prescribed burning.
One of the limitations is that the WTP was measured for a pine stand and did not incorporate
other forest types such as hardwoods and mixed forests. However, forest management activities
depend on forest type and management objective. Moreover, forest types other than pine, such as
hardwoods and mixed oak-pine, occupy a substantial proportion of forest land in Mississippi.
Thus, the derived WTP estimates might not reflect precisely the WTP of landowners who own
these forest types. Therefore, future studies should focus on estimating WTP for implementing
prescribed burning in different forest types. Moreover, the study did not incorporate exact
locations of forest parcels owned by landowners which could have been used to more precisely
determine their proximity to the nearest urban areas. This information could have produced more
precise WTP estimates, rather than using the percentage of urban area within the zip-code.
4.6

Conclusions
With increasing wildfire risks across Mississippi and other states with a substantial

proportion of NIPF landownership, it is important that NIPF landowners implement fuel
reduction treatments to reduce hazardous conditions to minimize the probability of catastrophic
wildfires across the landscape. This study identified landowner attitudes towards prescribed
burning and provided a monetary value for the benefits of wildlife hazard mitigation obtained
from this fuel reduction treatment to NIPF landowners. The study also identified attitudinal and
socioeconomic factors associated with landowner WTP. Such information is important for local,
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state, and federal agencies and other land management organizations because it helps better
understand landowner intentions and attitudes concerning hazardous fuel accumulation and will
aid in the development of assistance programs that are better aligned with landowner needs in
terms of fuel reduction treatments and more effectively address issues related to wildfire
prevention and mitigation.
In Mississippi, NIPF landowners widely accepted prescribed burning as a management
prescription to reduce accumulation of hazardous fuels and attain other forest management
objectives such as wildlife habitat improvements. On average, they were willing to pay $41.39
per acre to implement prescribed burning to reduce wildfire hazard on their forest properties,
which was double the current cost of implementing prescribed burning treatments. This suggests
prioritizing resource allocation in technical assistance programs to the landowners rather than
cost-share programs should be done to encourage the implementation of prescribed burning for
wildfire hazard mitigation.
Landowners were concerned about liability due to escaped prescribed fire. When this
issue was accounted for by including involvement of skilled professionals and availability of
equipment to implement the prescribed burning in the CV scenario, landowners were more
willing to implement prescribed burning. Therefore, education programs that increase landowner
awareness about burn manager certification programs, procedures for implementing prescribed
burning, and rules on negligence as well as assistance in developing prescribed burn plans are
needed. Furthermore, guidelines and regulations for proper monitoring of prescribed burn will
help reduce the number of escaped fires as well as determine cases of negligence more clearly.
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CHAPTER V
CONCLUSIONS
Since NIPF landowners own more than half of the forest land in southeastern U.S.,
effective wildfire hazard reduction across the region depends on their involvement and
collaboration in implementing fuel reduction treatments. To encourage landowners and increase
their adoption of fuel reduction treatments, it is necessary to a) determine if they consider
wildfire hazard as an issue, b) identify current trends in the implementation of fuel treatments for
wildfire hazard reduction, and c) understand their plans for implementing fuel reduction
treatments in the future. Furthermore, it is important to identify factors (such as those related to
landowner attitudes towards wildfires, their past experience with wildfires, and socioeconomic
characteristics, and geospatial factors) associated with implementation of fuel reduction
treatments. Results will help forest and fire managers develop wildfire mitigation programs that
will better incorporate landowner concerns, facilitate more cost-efficient allocation of available
resources, and improve a large-scale coordination of fuel reduction treatments.
Chapter II provided insights into concerns NIPF landowners had about wildfire damages
and identified trends in implementation of fuel reduction treatments on NIPF lands in
Mississippi. Landowners were more concerned about property damages due to wildfires than
their smoke impacts. Ownership of forest land for income generation and household income
positively influenced concerns about property and smoke damages. Increasing landowner
awareness of the potential financial losses as a result of wildfires should be incorporated into
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designing outreach programs as it might motivate them to take preventive actions to avoid these
losses. About 45% of landowners implemented prescribed burning, mechanical vegetation
control, and/or chemical vegetation control. Prescribed burning was implemented most
commonly by landowners at an average cost of $17 per acre every four years. Mechanical
vegetation control was the least common fuel treatment implemented at an average cost of $130
per acre every six years. Chemical vegetation control was implemented at an average cost of $59
per acre every seven years. Landowner implementation of fuel reduction treatments was
associated with concerns about property damages due to wildfires, forest area owned, possession
of a written forest management plan, area of pine forest within the landowner’s largest forest
parcel location, and landowner gender. Prioritizing placement of fuel treatments in areas where
pine forests are the dominant cover type and forest holdings that are relatively large might be the
most effective approach for a large-scale coordination of fuel reduction treatments to reduce
wildfire hazard because landowners in these areas were more likely to implement them.
Chapter III provided information on the likelihood that NIPF landowners in Mississippi
will implement fuel reduction treatments in next five years and identified factors affecting this
decision. It also identified landowner objectives to implement fuel reduction treatments and the
factors they considered important while deciding whether to implement the treatment. Less than
half of NIPF landowners indicated that they would implement a fuel reduction treatment in the
next five years. Many landowners were also unsure if they would be interested in reducing
accumulation of hazardous fuels in the future. Liability issues, fuel reduction treatment costs, and
the lack of needed equipment, experience, and technical assistance were important factors that
landowners considered while deciding whether to implement a fuel reduction treatment.
Landowners would be motivated by the actions of neighboring landowners in terms of treatments
118

implementation and were more likely to implement the treatment if their neighbor did so.
Providing needed assistance in preparing a prescribed burn plan, obtaining or renting equipment,
and obtaining necessary information on the procedures related to fuel reduction treatment
implementation can potentially encourage more frequent treatments. Implementation of fuel
reduction treatments can also be increased by developing programs facilitating collaboration
among neighboring landowners as well as identifying prescribed burn professionals and
landowners experienced in treatment implementation who could act as liaisons in coordinating
landowner fuel reduction efforts.
Chapter IV identified NIPF landowner attitudes towards prescribed burning and
determined willingness to implement this treatment. Attitudinal and socioeconomic factors
associated with landowner WTP for implementing prescribed burning were also identified. In
Mississippi, NIPF landowners widely accepted prescribed burning as a management tool to
reduce hazardous fuels and attain other forest management objectives such as wildlife habitat
improvement. On average, they were willing to pay $41.39 per acre to implement prescribed
burning to reduce wildfire hazards on their forest land. Although this monetary amount was
twice the average cost of prescribed burning in Mississippi, only 26% of landowners were
willing to implement it. WTP estimates can be used as baseline information when determining
future budget allocations, including cost-share programs, to encourage wildfire mitigation
activities and prioritize fuel treatments. Furthermore, education programs designed to increase
landowner awareness about rules on negligence, burn manager certification programs, and
assistance in developing prescribed burn plans will be needed to increase implementation of
prescribed burning. Guidelines and regulations for proper burn monitoring would also help
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ensure a reduced likelihood of escaped prescribed fires as well as determine cases of negligence
more clearly.
All three chapters in this dissertation help increase understanding of wildfire mitigation
behavior of NIPF landowners in Mississippi. This study contributes to the existing literature in
terms of landowner concerns about wildfires, their wildfire mitigation behavior, and the use of
contingent valuation method to determine the monetary value of reduced wildfire hazards to
NIPF landowners. The study provides key missing statistics in terms of wildfire hazard
perception and fuel treatment implementation in the southeastern U.S., which are needed because
most similar studies have focused primarily on the western U.S. and include diverse respondents
including not only forest landowners but also the general public and residents of the wildlandurban interface. This study will be helpful for forest and fire managers in designing more
effective wildfire prevention and mitigation programs that integrate landownership objectives
and concerns related to wildfires and fuel reduction treatments to increase landowner awareness
about wildfire issues and encourage their participation in implementation of fuel reduction
treatments.
This study has some limitations. First, many landowners who indicated that they had
implemented fuel reduction treatments did not specify the type of fuel reduction treatment. A
larger number of responses specifying the type of fuel reduction treatment and providing related
information, such as area treated, cost per acre treated, and the interval between successive
treatments, would help derive more precise estimates. Knowing the timing and type of the most
recent reduction treatment implemented by a landowner might have helped better understand the
reasons for the lower number of landowners planning to implement fuel reduction treatments in
the future. Moreover, this study did not use a precise location of the landowner forest parcel and
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the average estimates of geospatial factors were determined for a zip-code in which a
landowner’s largest forest parcel was located. The availability of actual coordinates of forest
parcels would help more accurately estimate the relationships between landowner concerns about
wildfire damages and implementation of fuel reduction treatments with geospatial factors.
Moreover, WTP was determined for a pine stands only and did not account for other common
forest types such as hardwoods and mixed oak-pine forests. However, forest management
prescription depends on a forest type and management objective. Accounting for other forest
types would help quantify more accurate WTP estimates and would facilitate a more efficient
prioritization of prescribed burnings across large landscapes.
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